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6.l California Profile Stations

Detailed descriptions of geology, topography and general
recording conditions at each station of the California profile are
following. For each station there is a brief text followed by a
map and a photograph of the array vicinity.

6.2 - 6.3 Pacific Northwest and Appalachian Profile Stations

Descriptions of stations on these profiles follow as
a continuation of Section 6.1.
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6.1 Stations of the California Profile

6.1,1 Huasna River Slave Station Site

The Huasna River slave station was located in the
Coast Range province of California, north of the Garlock and Big Pine
Faults which mark the northern boundary of the Transverse Range
province. The Coast Range province may be subdivided into the Salinas-
Cuyama Basin, the portion west of the Nacimiento Fault, and the
portions of the Temblor range east of the San Andreas Fault 410 b,.
Topographically, the Coast Range is a series of sharply divided ridges
and valleys with an average elevation difference of about 600 meters.
The Huasna River site was 23 km from the ocean behind the first group
of hills along the coast, near the Suey Fault and about halfway between
the coast and the Nacimiento Fault. The site was selected to avoid, as
far as possible, the high level noise from a major highway, a railroad
and several small towns along the coast.

In the immediate area of the Huasna River site there were several
northwesterly trending ridges with gently sloping southwest flanks and
steep northeast flanks. These ridges were interpreted to be a series
of dip-slip faults down to the northeast, but examination did not
reveal whether the faults were normal or reverse. From the aspect of
a seismic array the geology was quite complex, the principal effects
being sharply folded rocks with marked topographic expression, and
proximity to the ocean. The station was on upper Miocene sandstone,
most of which was covered with topsoil, so that only three seismometer
plants were made directly on sandstone.
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Figure 6.1.1 Geology and Topography
at Huasna Slave Station

Complexly folded and faulted Tertiary sediments form
rough hills in the western part of the Coast Range.

Most of the area is thickly covered with brush and oak.
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6.1.2 Carrizo Slave Station Site

The Carrizo slave station, also in the Coast Range
province, was located 53 kilometers from the ocean on the southwest
site of the Carrizo plain west of the San Andreas fault zone. The
Carrizo plain is the farthest southwest of the basins occurring in
south central California, Nevada and Utah, which do not have drainage
to the ocean and are typically dry lakes through most of the year.
The flanks of the basins are defined by a complex of faulting and
uplift.

Geologically, the San Andreas and the Nacimiento Faults are
important factors in the Carrizo site, which is located between
them. These faults are zones where recurring movement has folded an
area several miles wide. The San Andreas Fault in the Temblor Range
east of the Carrizo site is principally strike-slip, the southwest
side moving north relative to the northeast side. The Nacimiento
Fault, on the other hand, is dip-slip, down to the east. The thickness
of the sedimentary column in this area is not uniform due to the
complex faulting, but is generally less than 15,000 feet (10 b).

6-3
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Figure 6.1.4 Carrizo Slave Station Looking Southwest



6.1.3 Elk Hills Slave Station Site

The Elk Hills slave station was located on the southwest
side of the San Joaquin Valley, a thick asymmetric trough of Tertiary and
Cretaceous sediments separating the Coast Range and the Sierra Nevada
mountains (2 b). The site was over an anticline where the valley sediments
are thickest, the depth to granite being 7100 meters.

The structure of the Southern S an Joaquin Valley is well known
from petroleum exploration. Its eastern half is a gradual wedge-out of
sediments against the Jurassic grai±ite of the Sierra Nevada batholith.
Westward from the center of the valley, the sediments thicken to about
8000 meters, then rise sharply to outcrop in the Temblor range bordering
the valley's west side. The western limit of the valley sediments is
the San Andreas Fault zone just west of the Temblor range.

Within five miles of the Elk Hills station there were oil pipelines,
pumping oil wells and the town of Buttonwillow. Although the chosen site
was the best one available within reasonable distance of the planned line
of the profile, the noise level above 2 cps, presumably cultural, was too
high to allow recording of other frequencies at a level adequate for
effective analysis. For this reason, the site was abandoned after 96
hours of recording.
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Figure 6.1.5 Elk Hills Slave Station

An alluvial fan covers some 7000 meters of sediments on
the west side of the San Joaquin Valley.

Sage and salt brush cover the area.



Elk Hills Slave Station Site from the Elk Hills
The approximate center of the area occupied is marked with an X.

At Elk Hills Slave Station Looking
Southeast from Number One Seismometer

Figure 6.1.6



6.1.4 Mannot Creek Slave Station Site

The Mannot Creek slave station was located on the east
side of the San Joaquin Valley in order to study the effects of a large
sedimentary wedge on signal and noise. Tertiary sediments, about 8000
meters thick in the center of the San Joaquin Valley, thin to the
east and wedge out against -the Sierra Nevada batholith about ten miles
east of Mannot Creek. At the slave station site the sediments were
about 1000 meters thick. There were producing oil fields to the west
and south of the station site.

Both noise level below 1 second period and signal reception strength
were higher at this station than at any other, but the S/N ratio was low.
At first the high noise level was attributed to oilfield activity. However,
the pumping cycle of wells in the area is about 3 seconds period and the
relative noise level recorded on the station instruments in that band was
not as high as the shorter period noise. Moreover, noise in the 1 second
band, as measured from power spectra, had almost perfect log-normal dis-
tribution at the Mannot Creek station. Distribution of short period noise
amplitudes from nearby oilfield activity would be far from normal if the
noise were a mixture of random noise and approximately constant amplitude
oilfield noise.

6-5
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Figure 6.1.7 Mannot Creek Slave Station

Twelve hundred meters of sediments wedge out against granite
of the Sierra Nevadas in this area of rolling, grass-covered

hills on the east side of the San Joaquin Valley.



6.1.5 Round Mountain Master Station Site

Since the master station provided reference levels
of signal and noise for control of corresponding recordings at slave
stations along the profile, a relatively quiet recording station
within reasonable distance of the field analysis center at Bakersfield
was required. The location selected was on Jurassic granite of the
Sierra Nevada batholith near the eastern edge of the San Joaquin Valley.

The array was laid out on a hill in the rolling Sierra Nevada
foothills (Figure 6.1.8), where granite outcrops on most hilltops,
but is covered by varying thickness of black soil elsewhere. All
seismometers were buried near outcrops, where the depth to solid
granite is probably no more than 15 feet.

Check-out of slave station equipment was made at Round Mountain
station, before slave station recording was begun, by installing
slave seismometers beside corresponding master seismometers for com-
parison of their response to essentially identical noise. Master
and slave seismometer outputs were identical.

6-6
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Figure 6.1.8 Round Mountain Master Station

Decomposed Jurassic granite forms oak-covered hills in
the western part of the Sierra Nevada Province.
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Figure 6.1.9 Round Mountain Master Station Site
Showing Master and Slave Recording Units

Terrain is typical of the Sierra Nevada foothills.



6.1.6 Cedar Creek Slave Station Site

The first slave station selected for occupancy, Cedar
Creek, was in a small valley 5 kilometers east of the master station.
The site was chosen to serve as a possible alternative master station
if it were fo u n d to be seismically quieter than Round Mountain.
Topography at this station was somewhat rougher and elevation lower than
at Round Mountain, but the geological conditions at the two sites were
practically identical. The over-all noise level at Cedar Creek was not
distinguishably different from that at Round Mountain.

I

I,
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Figure 6.1.10 Geology and Topography at
Cedar Creek Slave Station.

This site is in a small valley cut in Jurassic granite
of the western Sierra Nevadas. The hills

are covered by oak and brush.



Figure 6.1.11 Topography Near the Cedar Creek
Slave Station Located 4.9 km Northeast of Master Station



6.1.7 Big Meadow Slave Station Site

The Big Meadow site was selected in order to test
seismic noise in granite of the Sierra Nevada batholith at as high an
elevation as possible. The station was located at an elevation of
7,700 feet in a small basin, the bed of a former mountain lake, now
filled with gelatinous peat-like material (Figure 6.1.13). Originally,
the seismometers were all located in the bog itself, where the noise
level was very high in the 0.2 to 0.3 second band, especially during
thunderstorms which were frequent during the recording period. When
the seismometers were moved out to positions on granite at the borders
of the meadow, the noise level was not much higher than at the master
station.

The site was abandoned after 11 days of recording because of
dangerous lightning conditions.
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Figure 6.1.12 Geology and Topography at

Big Meadow Slave Station

This Jurassic granite basin high in the Sierra Nevadas is

filled with water-saturated peat-like material of a

former lake bed. Brush and pine forest covers
surrounding mountains.
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6.1.8 Darwin Slave Station Site

The Darwin slave station was situated in a topographic
saddle between the Inyo Mountains and the Argus Range east of Owens Valley.
Jurassic granite of the Inyo Mountains and the Argus Range form an uplift
axis parallel to the Sierra Nevada. Owens Valley, which separates the
parallel uplifts, is a graben. Kane and Pakisor (20 b) have concluded
that the Owens Valley fill, principally Tertiary rocks, varies from 300
to 1500 meters and that the margins of the valley are steeply dipping

faults.

The Darwin site (Figure 6.1.15) was at an elevation of about 5,000
feet in a north-south trending valley with a thin layer of Quaternary
sediments. The east side of the valley is Pennsylvanian limestone,
in which there were inactive copper mines, while the west side was
Quaternary volcanics. The Darwin Tear fault crossed the array about
0.3 kilometers north of its center. Seismometers were located both in
the valley floor and in the hard rock along the edge of the valley.
There were no local cultural noise sources.

Signal reception strength and short period noise amplitudes at this

station were lower than at any other California station, but average
S/N ratio was higher only at the Death Valley site.
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Figure 6.1.14 Geology and Topography at
Darwin Slave Station

This Alluvium-filled valley in the barren Inyo Mountains
is flanked by Pennsylvanian limestone on the east and by

granite, volcanics and limestone on the west.
The Darwin tear fault crosses the array.
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6.1.9 Panamint Slave Station Site

The Panamint slave station (21 b) was located near
the apex of the Panamint mountains 19.5 kilometers south 300 west of
the slave station site in Death Valley and about 5.5 kilometers south-
east of the California profile line. The specific site was selected in
order to obtain a location off the Emigrant Canyon highway that could
be reached by truck.

Geology of the area is quite complex. In the array vicinity,
Cambrian limestone is thrust-faulted over Jurassic granite, which is
exposed near the array center by a fenster in the limestone thrust-
plate. Most of the granite is covered by thin Quaternary alluvium
which fills the valley. Figure 6.1.18 is a panorama of the site
showing location of geologic contacts.
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Figure 6.1.16 Geology and Topography
at Panamint Slave Station

This brush-covered valley is in the Panamint Mountains of
eastern California. Lithology here is the most varied
of any California station. Erosion of overthrust
Cambrian limestone has exposed Jurassic granite

and filled basins with alluvium.
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6.1o10 Death Valley Slave Station

The Death Valley slave station site, the
eastern most station of the California profile, was on the
west side of the floor of Death Valley. It and the Panamint
station occupied sites on opposite sides of the major
fault forming the northeast face of the Panamint Mountains
(23.b). This fault scarp is about 1500 meters. Since
Death Valley is a fill of Tertiary and recent sedimentation
to a depth of about 2,000 meters (15 b), the net vertical
displacement of the Death Valley fault is about 3,500 meters.

Death Valley is a deep graben bordered by Paleozoic and
Cambrian sediments of the Panamint and Funeral Mountains.
The structure and geologic history of the whole region is
extremely complex (18 b) . The upper 300 meters of the Valley
sediments are salt-laden alluvium inter-fingered with allu-
vial fans from surrounding mountains. The site on the
Valley floor was selected because it was below sea level and
because its structure was generally representative of the
Basin and Range province to the east.

The array was set up on the Valley floor, partly on
alluvial fan, partly on salt marsh which covers the center
of the Valley. Elevation at array center was -240 feet.
Number 4 seismometer was extended from 1/4 mile to 1/2
mile from the array center in the usual manner, but the
3/4 mile extension was not made because of extreme diffi-
culty in transporting equipment in salt-laden mud.

Signal strength reception was about twice that obtained
at other eastern stations of the profile. Noise level near
1 cps was low compared with the average for California and,
despite the fact that all seismometers were on alluvium,
S/N ratio was the highest of any California station. These
results are in contradiction to the relations observed for
sedimentary environment stations on the west half of the
profile where, in general, signal strength was very high,
noise level higher, and S/N ratio lower than for eastern
stations on granite or old consolidated sediments.
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Figure 6.1.19 View Across Death Valley Station
Toward Panamint Mountains



KEY TO GEOLOGIC SYMBOLS USED IN

SITE DESCRIPTIONS FOR CALIFORNIA PROFILE (4 b)

Qal Quaternary Alluvium

Qt Quaternary Terraces

Qpv Quaternary Pleistocene

Pml Lower Pliocene Marine

Mm Miocene Marine Sandstone

Mu Upper Miocene Marine

+c Oligocene Conglomerate

Ks Upper Cretaceous Marine Sandstone

Jgn Jurassic Granite

Pm Permian Limestone

Psm Pennsylvanian Limestone

Msm Mississippian Limestone

C Cambrian Limestone

LpC Late Pre-Cambrian Limestone
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6.2 Stations of the Pacific Northwest Profile

6.2.1 Markham Slave Station Site

The Markham slave station, farthest west of any station
in the Pacific Northwest profile, was located five miles to the east of
the Pacific Ocean and four miles to the south of Gray's Harbor estuary,
on the west flank of the Coast Range which is best defined in the Olympic
Mountains north of the profile. The entire region of the Markham site
(30 b) with its flat-topped ridges and rather deep canyons is somewhat
similar to the plateau country of the Southwest except for its dense
forest coverage. The area is covered with primary and secondary growth

timber and heavy underbrush, although the site itself was located in a
cut-over part.

Geologically, the site is apparently a recently uplifted area in
an entire region still in an early youth stage of its geomorphic cycle.
Quaternary terraces of unconsolidated sand and glacial till partly cover
east-dipping Miocene sand and shale.
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Figure 6.2.2 Markham Slave Station
Site Near Center of Array



6.2.2 Mendota Slave Station Site

The Mendota slave station was located on the east flank
of the Puget Sound-Willamette trough. Although r e g I o n a, 1 d i p i s
to the west, local structure is complicated by local faulting and uplift
of the Cascades to the east. The rocks are classified as predominantly
simple arkosic sandstones and shales with a dominance of greywackys.
Although these sediments are Eocene in age, the area also contains some
bodies of fresh-water sediments with small coal seams. Tertiary volcanics

*are present to a greater extent than at Randle to the east, but the depth
to granite basement is unknown.

The area is typical of the Cascade foothill country, very hilly to
mountainous, with some deep canyons and many streams and rivers. These
waterways. all draining to the west, have eroded the sediments to form
razor-edged hill and ridge tops with no evident flatland. There are dense
stands of second growth timber of fir, cedar, spruce and hemlock.

I6d
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Figure 6.2.4 General View of Mendota Slave Station in
Western Foothills of the Cascade Mountains

I.



6.2.3 Randle Slave Station Site

The geology in the area of the Randle slave station
(29 b) in the central Cascade Range is typical of the Range, with
extrusive volcanics of many thousands of feet, now being uplifted and
eroded. These extrusives are acidicrhyolite and andesite, rather than
the basic basalt of the Columbia plateau. Small lenses of lacustrine
deposits are included in the successive layers of flows. Some of the
volcanics are massive in nature, while others have definite stratifi-
cation containing phenocrysts of unmelted host rock. Intrusions of
Tertiary granite and diabase sills are found in remote parts of the area.

The rocks of the lower canyon around the slave station, where seis-
mometer positions 1, 2, 3 and 4 were located, were of a green rhyolite
type. Position 5 was approximately 1000 feet above the other positions
on a ridge top in rocks of an andesitic nature with almost excessive
bedding and large phenocrysts.

There are a few forested areas left in the region but most of the
timber has been cut over. [

6
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Figure 6.2.5 Geology and Topography at Randle Slave Station

The granite core of the Cascade Range is exposed through
Tertiary lavas not far from here. Andesite plugs are common

in these rugged mountains.



Figure 6.2.6 Topography Near Center of
Randle Slave Station in the Cascade Range



6.2.4 Toppenish Master Station Site

The master station (12 b) was located 73 kilometers
* nearly due east of Mount Adams (elevation - 3,750 meters), one of the

major volcanic peaks of the Cascades. Its site was on the .east

s 1 o p e of the mountains, about 65 kilometers west of the topographic
axis of the Columbia River Basin. The east-west trending ridge on which
the site was located is one of several ridges crossing central Washington
char acterized by steep to overturned north flanks and relatively
gently dipping south flanks. There is some faulting along the north
flanks. Dips are defined in successive layers of basalt. Near the
axis of these folds several wells have been drilled for the purpose of
penetrating the presumed Tertiary sedimentary sequence underlying the
basalt. One such test in the Rattlesnake Hills, 85 kilometers northeast
of the master station site, was abandoned in basaltic rock at 3250 meters.
J. Hoover Mackin (22 b) has recently described methods for identification
of particular basaltic flows, each of which has a distinctive pattern
identifiable over a considerable distance.

Another of the features of the master station site was the presence
of elongated captive dunes, trending east-west, of loess soil, two to
three feet deep above hard rock level. The seismometers could be placed
directly on the hard basaltic rock when pits were dug in the dune soil.

The surface of the site was rough with occasional lava boulders.
Vegetation was sparse with sage brush attaining a height of about 0.5
meters.
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Figure 6.2.7 Geology and Topography
at Toppenish Ridge Master Station

This is on a barren ridge formed by a narrow fold in
thick basalt flows of the Columbia River Basin.



M1r

Figure 6.2.8 Basaltic Flatlands at
Toppenish Ridge Master Station



6,,,,S Mabtcn SlaVe Station Site

The M~abton sit--e was on tne steep north side of the
Horse Heaven Hills, 19.5 kilometers South 750 East of Toppenish Ridge
master station. The dorse ',eaven H~ills are an approximately east-trending
ridge with gentle south slope and steep north slope described in the
previous section. The center of the Mabton site was about 6 kilometers
north of the apex of the ridge.

In the canyons near the site a conglomerate, interpreted as originat-
ing from the Pliocene channel of the Columbia River, is exposed. The
major lithology is dark gray to black, dense aphanitic Miocene basalt of
the Columbia Plateau.
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Figure 6.2.10 Mabton Slave Station Site
Showing the Rolling Grass Covered Hills



6.2.6 Paterson Slave Station Site

The Paterson slave station was situated on the south
flank of the Hcrse Heaven Hills, about five miles north of the Columbia
River, roughly at the center of the Columbia basin. Although the margins
of this basin are poorly defined, it is a definite topographic low in
over-all aspect. The site was located in an area where the course of
the Columbia has been moved east by the rise of the Horse Heaven Hills.

Approximately 50 kilometers due north of the site a deep test well
for petroleum was in basalt from the surface to total depth. However,
there is some evidence for the existence of a zone of Tertiary sedimen-
tary rock underlying the basalt layers. Sediments were encountered
below 1500 meters in a 1960 well located about 160 km north of Paterson
(32 b). The nearest outcrop evidence is east in the Blue Mountains
where the basalt cverlies granite.

The flat topography of the Paterson area is shown in Figure 6.2.12.
The soil is mineral rich and would be excellent farm land in a less arid
climate.
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Figure 6.2.12 Paterson Slave Station

Site Looking Northeast



6.2.7 Gibbon Slave Station Site

The Gibbon slave station was located about 15 kilo-
meters southeast of Milton-Freewater, Oregon, in a wooded area. At this
site there is an estimated 800 to 1,000 meters of loess and basaltic
layers on top of the granite, with exposures at the surface indicating
a ratio of two to five feet of basalt to 100 to 500 feet of loess in
alternating stratification. This ratio is in marked contrast to that
in the Toppenish area where the basalt thickness is two to five feet
and the loess is one to five inches. It is therefore probable that the
source of the basalt lava flows, comprising the major lithology of the
Columbia Plateau, is to the west of the Gibbon site.

Lithology at Gibbon is controlled by two principal factors. The
thickness of the basalt flows to the west is typical of vulcanism since
the flows, viscous by nature, will extend laterally only when voluminous.
The rock profile at Gibbon shows successive lava flows terminating at
various distances from the source, depending on size of each flow. The
second factor controlling the depositional environment of the Gibbon
site is the wind barrier to the loess-laden prevailing westerly winds,
formed by the Blue Mountains of Oregon.

An erosion profile with nearly flat hill tops is due to resistance
to erosion of the basalt flows and ease of weathering of the loess sedi-
ments. Blasting was employed to make seismometer vaults in the basalt.

6-19



'Plant i,300 ..

- BLALOCIW MOUWNT

"454

... ....-

w GR4ta MOeJWAIN

8 Brmn ani Springs /

..Vj5 Pek ri-q

S.- r$F~~s imE bna10t

200' Contour Interval

Figure 6.2.13 Gibbon Slave Station

About 1000 meters of basalt and loess cover granite in the
forest-covered Blue Mountains east of the Columbia Basin.



Figure 6.2.14 Gibbon Slave Station Site in the
Blue Mountains of Northeastern Oregon



6.2.8 Arnim Slave Station Site

The Arnim slave station (1 b) was located in a deep
narrow canyon at the head of a large glacial valley in the Wallowa
Mountains. These Mountains consist of basement granodiorite of Mesozoic
age, overlaid by Triassic through Cretaceous metamorphic sediments which
are, in turn, overlaid by Eocene and Miocene basalt flow. Since the
uplift of this mountain range most of the basalt has been eroded in the
central area, but basalt is still prominent as caps on some of the peaks
and is dominant on all flanks of the range. The metasediments have
been somewhat contorted by the uplift and the basements granodiorite is
dominant in the central high country where it is surrounded by large
pendants of metamorphics. There are two major faults in the area, the
Wallowa fault along the east flank of the mountains and the Lostine
River fault. At the slave station site the latter fault is evidenced
by the granodiorite on one side of Lostine Canyon and the metasediments
of marble and slates on the other side.

Topography is expressed in rugged mountains with deep canyons and
high peaks. At the site granodiorite outcrops create a narrow rapids
on the Lostine River. The valley opens up again further upstream but
is covered with glacial till and avalanche debris, as it is below.
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Figure 6.2.16 A View Looking Toward Lostine Canyonin the Wallowa Mountains of Eastern OregonArmin slave station is located several miles upthe canyon at center of photo.



KEY TO GEOLOGiC .SYMBOLS USED IN SITE

DESCRIPTION FOR PACIFIC NORTHWEST PROFILE

Qa & Qal Quaternary Alluvium

Qm Quaternary Morainal Material

Qgl Quaternary Glaciolacustrine Deposits

Qce Quaternary Periglacial Eolain Deposits

Qt Quaternary Terrace Deposits

PQv Pliocene-Pleistocene Volcanic Rocks

MPc Miocene-Pliocene Nonmarine Rocks

Mv & Tb Miocene Volcanic Rocks

0Mv Oligocene-Miocene Volcanic Rocks

0Oligocene Marine Rocks

EOv Eocene-Oligocene Volcanic Rocks

Ev I  Upper Eocene Volcanic Rocks - Basalt

Evla Upper Eocene Volcanic Rocks - Andesite

E2  Lower Upper Eocene Marine and Nonmarine Rocks

Ti Tertiary Dikes, Sills and Small Intursive Bodies

Kgd Cretaceous Quartz Diorite and Granodiorite

TRh Upper Karnic Triassic Hurwal Formation

TRmb Upper Karnic Triassic Martin Bridge Formation

TRI Middle Karnic Triassic Lower Sedimentary Series
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6.3 Stations of the Appalachian Profile

6.3.1 Birch River Slave Station Site

The Birch River slave station (39 b, 40 b) was
located near the arbitrary boundary separating the Allegheny and
Cumberland Plateaus of West Virginia. The rocks exposed at the surface
are mainly continental and coal-bearing sediments belonging to the
Pennsylvania system of Conemough to Pottsville series (38 b). These
Pennsylvanian rocks lie conformably above the Mississippian and
Devonian sediments and are overlaid by Permian rocks of Dunkard age.
The Appalachian movement warped these rocks of the Allegheny Plateau
into a series of gentle anticlines and synclines. Minor faults
associated with this warping are present at the Birch River site,
which was located on the northwest edge of an anticline (13 b).

Topographically the Allegheny Plateau shows local relief of 800
to 1000 feet.
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Figure 6.3.1 Geology and Topography
at Birch River Slave Station

Essentially undeformed Pennsylvanian sediments of the Plateau
Province are eroded into rough

mountains covered by hardwood forest.



Figure 6.3.2 Birch River Slave Station Site
in the Allegheny Plateau of West Virginia

Limestone outcrop in foreground.



6.3.2 Warm Springs Master Station Site

The Warm Springs master station (6b, 7b) was situated
on Black Creek Mountain of the Allegheny Mountains, in the New Appalachian
province of highly folded and thrust-faulted Devonian and older rocks.
The anticlines and synclines are asymmetric in character, with the stress
for the large thrust faults originating to the southeast (8b, 35b). Major
tectonic lineation is in a NNE by SSW bearing. With this structural
configuration, the long narrow valleys and ridges of the Allegheny and
Appalachian Mountains produce a trellis drainage pattern, characteristic
of the "Valley and Ridge Province," as the area is commonly named.

The site was located near a division between the southern Appalachians
where faulting (particularly thrust-faulting) dominates, and the central
Appalachians where folding dominates (15 b). However, both processes are
evident in each area, since major thrust-fault elements to the east form
an enechelon pattern, and Devonian rocks of Helderbergian limestones
through Romney shale are folded to form the Appalachian and Allegheny
Mountains of northwestern Virginia.

Local topographic relief around Warm Springs master station shows
average elevation differences of about 1,200 feet.
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Figure 6.3.3 Geology and Topography of Warm Springs Master Station

Strongly folded Devonian sediments of the Appalachian Province
form parallel narrow forest-covered ridges and valleys.



Figure 6.3.4 A General View Across Seismometer
Position Number 4 of the Warm Springs Master
Station in the Allegheny Mountains of Virginia



6.3.3 Buena Vista Slave Station

Buena Vista slave station was located on an anticli-,
norium in the Blue Ridge Mountains of Virginia. The Blue Ridge Mountains
are flanked by the Great Valley to the west and the Piedmont to the East.
The Great Valley was formed by erosion, due to the weakness of the Cambro-
Ordovician limestones and Ordovician shales in contrast to the erosion-
resistant Cambrian quartzites of the Blue Ridge. South of the Virginia
state line, the geomorphic fcrm of the Blue Ridge Mountains changes from
a predominately narrow mountainous ridge to a rolling plateau.

Local topographic relief around the Buena Vista station is approxi-
mately 1,200 feet, while the regional change in relation to the Great
Valley and the Piedmont province is 2,500 to 3,000 feet.
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Figure 6.3.5 Buena Vista Slave Station

Upthrust Cambrian crystalline metamorphics of the Blue Ridge
Province form steep, forest-covered mountains.



6.3.4 Farmville and Rawlings Slave Station Sites

The Farmville and Rawlings slave stations were located
in the Piedmont province of Virginia. The province as a whole is an
igneous and metamorphic complex of mostly granites, gneisses and schists
with some belts of marble and quartzite. These rocks are mainly Paleozoic
in age, but are, in part, Pre-Cambrian and Algonkian, belonging to the
Glenarm Series. Local relief of a few hundred feet, due to mature dissec-
tion, is the general rule. However, numerous hills and ridges increase in
frequency toward the Blue Ridge Mountains.

The Triassic Lowlands are characterized by several elongated basins
formed by normal faulting. Upper Triassic sandstone and shale, cut by
diabase dikes and sills, are found in the province. These Triassic rocks
are tilted and faulted as are the Paleozoic and Pre-Cambrian rocks of
the Piedmont.

At Farmville, rhyolitic Pre-Cambrian lava forms gentle hills, not
in excess of 100 feet, giving good farming terrain with little forest
cover. The topography and cultural conditions were similar at Rawlings
slave station. Granitic Petersburgian rocks of Pre-Cambrian age comprise
the dominant lithology of the area.

Plans to put the master station on metamorphic granite gneiss out-
cropping at Rawlings were changed when it was found that military activity
at nearby Camp Pickett caused erratic, high-level noise.
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Figure 6.3.6 Farmville Slave Station

Complex Pre-Cambrian metamorphics underlie gentle hills of the
Piedmont Province. Most of the area is farmland.
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Figure 6.3.7 Farmville Slave Station Site
in the Piedmont Province of Virginia Looking
to the Northwest from Seismometer Number 4
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Figure 6.3.8 Rawlings Slave Station

Pre-Cambrian granitic rocks form gentle farm and forest covered
hills at the eastern limit of.the Piedmont Province.
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Figure 6.3.9 Dense Hardwood Forest Near
Array Center at Rawlings Slave Station Site



6.3.5 Franklin, Belvidere, Weeksville and Bodie Island Slave
Station Sites

The Franklin, Belvidere, Weeksville and Bodie island
slave stations (27 b, 28 b) were located from west to east, respectively,
in the Atlantic Coastal Plain,. The Piedmont complex is covered to the
east by a wedge of coastal marine sediments of Cretaceous and Tertiary age.
These gently dipping formations of the Coastal Plain thicken rapidly
toward the ocean, to 3000 meters at the coast, and 5000 meters or more 50
kilometers off-shore. Local variation in topographic expression is small.

At the Franklin slave station, Duplin marl cf Miocene age is overlaid
by loam soil, characteristic of this portion of the Atlantic Coastal
Plain. Low relief terrain and swampland, with a cover of hardwood forests,
are the main topographic features,

Coastal and estuarine sands and gravels of the Atlantic Coastal Plain
comprise the prevailing lithologies in the gently dipping formations
at Belvidere and Weeksville slave stations. Although farmland and hardwood
forests are scattered throughout the Belvidere site, there are salt marshes
southwest of the Weeksville station, which had a maximum elevation of less
than twenty feet.

At Bodie Island slave station, sand is being deposited to form near
sea level off-shore sand bars. The predominant features are shifting
sand dunes and salt marshes, which are covered by brush and salt grass.
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Forest and swampland cover a thin section of Tertiary marine
sediments on the western border of the Atlantic Coastal Plain.



Figure 6.3.11 Typical Vegetation at Franklin
Slave Station Site



8*

OY OR1DG 3

5~

a ih

Zowe%

10' Contour Interval

Figure 6.3.12 Belvidere Slave Station

Recent sands and gravels cover some 500 meters of Tertiary
marine sediments of the Atlantic Coastal Plain. Most of the

land is flat and forest covered.



Figure 6.3.13 Typical Flat Farm and Forest
Land at Belvidere Slave Station
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Figure 6.3.14 Weeksville Slave Station

Coastal and estuarine sands cover rapidly thicknening Tertiary
or older sediments of the Atlantic Coastal Plain

at this coastal station.



Figure 6.3.15 Sea-Level Forest-Land

at Weeksville Slave Station

View is south from seismometer number 3.
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Figure 6.3.17 Bodie Island Slave Station
Near Cape Hatteras

The whole array is on sand dunes of the Outer Banks.



KEY TO GEOLOGIC SYMBOLS USED IN SITE

DESCRIPTION FOR APPALACHIAN PROFILE

Qal Quaternary Alluvium

Cc Pennsylvanian Conemaugh Series

Ca Pennsylvanian Allegheny Series

Ck Pennsylvanian Kanawha Group

Dr Devonian Romney Shale

Doh Devonian Oriskany Sandstone and Helderberg Limestone
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6.4 Detailed Description of Recording Stations

Detailed descripticns of geology, topography, and general re-
cording conditions at each station of the California, Pacific Ncrthwest,
and Appalachian profiles are given in sections 6.1, 6.2 and 6.3 respectively.

Tables of numerical values of geologic-topographic environment,
determined for every seismometer position on the first two profiles, are
given in section 6.4. These are values for "environmental variables"
used in multiple regression studies of relations between noise level,
signal strength, and environment.
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ENVIRONMENTAL 7ARIABLES

Definitions and Values for Stations on the California Profile

("i" numbers are subscripts indicating the type of variable used in
model studies.)

(xij is the value of variable of type "i'" at location "j0".)

"i" number Definition Unit of value or arbitrary unit

LOCAL ENVIRONMENTAL VARIABLES FOR EACH SEISMOMETER POSITION

3 Mean Noise Level, with respect to mean mmu p-p @
master station noise level of 0.879 mmu p-p 1.25-1.50 sec.

period

4 Thickness of Alluvium under seismometer feet

5 Solidity of Ground under seismometer arbitrary units

soft mud . . . . . . . . . . . . . . . . . . . . 1
dry ground . . . . . . . . . . . . . . . . . . . 5
rock . .. . . . . . . . . . . . . . . . . . . . . 10

6 Density of Material under seismiometer gm/cm3

7 Porosity of Material under seismometer %

8 Type of Topography within 1/8 mile of seismometer arbitrary units

hill and ridge top . .... ........... 6
hillside .. . . . . . . . . . . . . .. 5
large valley, plain, alluvial fan .0....... 4
small valley .. .. .. . . .. .. . 3
ravine, open end . . . .............. 2
box canyon, cove .. 0............... 1

9 Topographic Curvature Elevation of seismometer minus
maximum average elevation at ends of 1/4 mile line
across seismometer position feet

10 Wind Speed (1000 pips per 200 seconds = 15 knots) pips per

200 seconds

11 Wind Speed times Topographic Type (xl0j.(x 8 j)

12 Topographic Slope Maximum gradient over 1000 ft.
line across seismometer location

13 Elevation at Seismometer feet

6-29



"i" number Definition Unit of value or arbitrary unit

REGIONAL ENVIRONMENTAL VARIABLES FOR EACH STATION

Station Topography Difference in elevation within

each quadrant of a circle of 15 km radius around
array center, from lowest point to highest closed
contour inside the quadran.gle that closes mostly
within 20 km of center

14 SW of station feet
17 NW of station feet
20 NE of station feet23 SE of station feet

Station Slope Maximum gradient over 1.5 km line
across the quadrangle

15 SW of station
18 NW of station
21 NE of station

24 SE of station

Station Tectonics Average number of folds per mile
times ":dip"' times number of faults within 20 miles,
where "dip": = average maximum dip in degree of folds

inside a 2-mile radius number

16 SW of station number
19 NW of station number
22 NE of station number25 SE of station number

Characteristics of Sedimentary Colunzn, between
surface and granite basement, under stations

26 Average density gm/cm3

27 Average porosity%
28 Average 8000 ' velocity km/sec
29 Average thickness of sediments feet x 10 -3

30 "7egetation arbitrary units

barren land .. . .. . . ..... 010
sage, no trees .unit.s........ . 110

sage, few Joshua trees ... 1.5
moderately dense oak trees . .. 5.0
thick oak trees ... .............. 8.5
thick chaparral and large oak trees . . . . . . . 10.0
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"i" number Definition Unit of value or arbitrary unit

CUMULATIVE ENVIRONMENTAL VARIABLES

"Geomorphic Interfaces" Term includes dividing
lines between zones of contrasting geomorphology
(such as mountains and valleys) and all major
fault zones. Interfaces are defined only for
features more than 3 km wide along profile

31 Total of absolute values of all weighted
interfaces

32 Total of positive weighted geomorphic interfaces
33 Total of negative weighted geomorphic interfaces
34 Algebraic sum of weighted geomorphic interfaces
35 Total of absolute values of all unweighted

interfaces
36 Total of positive unweighted geomorphic interfaces
37 Total of negative unweighted geomorphic interfaces
38 Algebraic sum of unweighted geomorphic interfaces

(Values assigned to geomorphic interfaces include a
quantity and an algebraic sign, indicating the order
in which the contrast would be "'seen" by ocean-
generated noise crossing the interface: (+) for
valley/mountain interface; (-) for mountain/valley
interface)

Each interface........ . . . . . . . . . 1, except
when weights
listed below
are used

East side Panamint Valley .... .......... + 6

East side Caso Valley ... ............. ... + 3
West side Owens Valley .... .....o.o._.- 7

East and West sides San Joaquin Valley . . . . - 10
East side Carrizo Plain ..... *.. . + 5
Hill and mountain interface East of Huasna . . . + 5
West side Carrizo Plain ............ - 3
All others .................. . 1
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"i" number Definition Unit of value or arbitrary unit

CUMULATIVE ENVIRONMENTAL VARIABLES (Continued)

Total Distance along Profile from Station to Ocean
Through the Following Features:

39 All mountains km
40 All hills km
41 All valleys and plains km
42 All young sedimentary mountains and hills km
43 All granitic mountains and hills km
44 All old sedimentary mountains and hills km
45 All hills and all young sedimentary mountains

and hills (40 plus 42) km
46 All granitic and old sedimentary mountains

and hills (43 plus 44) km
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QUANTITATIVE DESCRIPTIONS OF LOCAL PHYSICAL ENVIRONMENTS
and

NOISE LEVELS (1.25 - 1.50 Sec.. PERIOD)
for the

CALIFORNIA PROFILE

TABLE 6.4.1.1

wind
SeOL. Alluv. Eel. X
NSie Think Solid- Dens. Pore.. Tope Tope Avg. Tope Topo Selg.
Level (ft) ity gq/ % Type Curvet Wind Type Slope Slev.

Station Cham. Ext. ie 3 4 S 6 7 8 9 10 11 12 13
Cede? 2. ...

Cedar 2 1 .611 ,0 6.1 2.4 30.0 3.0 .0 113.0 39.0 .060 2630.0
Crok 3 1/4 2 .962 0.0 0.0 1.6 40.0 3.0 -30.0 02.0 249.0 .110 2630.0

1/2 3 .579 .0 6.0 2.3 40." 6.0 -20.0 124.0 744.0 .160 269A.0
3/4 4 ._-, .0 6.0 2.3 40.0 9.0 -100.0 i3T .0---1 0--I.W -

4 1/4 5 .572 90 4. 1.0 54.0 9.0 .0.0 03.0 415.0 .240 27000

1/2 6 .61i 5.0 4.0 1.9 54.0 2.0 -0.0 124.0 248.0 .160 2709.0
3/4 7 :.647 .0 4.0 1.9 94.9 2.0 -40.0 133.0 266.0 .320 2769.0

0 1/4 0a .710 5.0 4.0 0.5 94.0 9.0 .0 :3.0 415.0 .:0 263,.0
1/2 9 .so7 9.0 4.0 1.54.0 2.0 -10.0 124.0 240.9 .060 2639.9

3/4 10 7.19 2.0 6.0 1.6 40.0 3.0 -20.0 133.0 399.0 .100 P639.0

Death 2 11 .40 600.0 1.0 1.0 43.0 4.0 .0 400.0 1200.0 .035 -265.0
Valley 3 1/4 12 .004 900.0 9.0 2.0 30.0 4.b .0 367.0 1946.0 .025 -09.9

1/2 13 .610 40.0 9.0 2.0 30.0 4.0 .0 909.0 2036.0 .026 -40.0
3/4 14 53 300.0 5.0 19 40.0 4.: .0 304.0 -1"21 _"T 00 --

4 1/4 15 .743 700.0 1.0 1.7 93.0 4.0 .0 307.0 1946.0 .000 -260.9
1/2 16 .700 600.0 1.9 1.6 66.0 4.0 .0 909.0 2036.0 .600 -260.0

5 1/4 17 .22 400.0 4,0 2.0 30.9 4.5 .0 367.0 1948.0 .020 -25.0
1/2 10 .464 490.0 4.0 2.0 30.9 4.0 .0 59.0 2036.0 .020 -290.0
3/4 19 .444 500.0 4.0 2.0 29.0 4.0 .0 304.0 1216.0 .020 -200.0

Panamint 2 20 .513 20.0 6.0 1.4 30.0 3.0 .0 397.0 1191.0 .060 9290.6
3 1/4 21 .395 .0 10 2.4 10.0 3.0 10.0 476.0 1434.0 .060 5360.6

1/2 22 .406 .0 0.0 2.9 6.0 9.0 -90.0 403.0 2019.0 .240 54409
3/4 23 .390 10.0 5.0 1.9 40.0 1.0 -120.0 311.0 311.0 .240 9490.0

4 1/4 24 .4;7 10.0 5.0 1.0 40.0 5.0 10.5 07.+--350.O .060 0306.0
1/2 25 .441 .0 10.0 2.5 6.9 9.0 140.0 403.0 20195 .240 9490.9
3/4 26 .435 .0 10.0 2.9 6.0 5.0 19.0 311.0 1999.0 .160 940..0

5 1/4 27 .476 70.0 6.0 1.4 30.9 3.0 .0 478.0 1434.0 .060 9245.0
1/2 28 .430 4.0 3.0 1.9 49.0 1. -60.0 403.0 403.0 .240 9200.5
3/4 29 .469 10.0 4.0 1.2 55.0 1.0 -90.0 311.0 311.0 .160 9200p.0

Darwin 2 30 .334 100.0 9.0 2.0 20.0 3.0 -10.0 323.5 969.0 .525 912.0
3 1/4 31 .311 40.0 .0 2 20.0 3.0 .0 3530 1059.0 .050 9100.0

1/2 32 .294 2.0 7., 2.2 15.M 3.0 40.6 360.0 1060.0 .060 5924.0
3/4 33 .311 .0 9.5 2.0 9.f5 9.0 -60.0 257.0 1295.6 .160 5320.0

4 1/4 34 *10 10. 0 1., 2. 0 1333 -T095.0--15 -505.6

1/2 35 .266 100.0 9.0 2.0 20.9 3.0 .0 360.0 100.0 .00 9105.0
3/4 36 .397 100.0 7.0 2.0 29.0 3.0 .0 297.0 771.0 .030 900.0

0 1/4 37 .3t1 70.0 .0 1.4 90.0 3.0 .0 393°0 109.0 .000 9660.0
/ 30 .346 00.0 6.0 1.4 90.0 3.0 .0 360.0 1060.0 .000 10.0
3/4 39 .380 40.5 7.0 2.0 20.0 3.0 .0 297.0 771.0 .060 914f5.f0

ig Meadow 2 40 .624 200.0 2.0 1.7 95.0 2.0 .0 102.0 306.0 .000 7790.0
3 1/4 41 .467 100.0 2.0 1.7 55.0 3.0 .0 139.0 409.6 .040 7799.0

1/2 42 .416 3.0 4.0 1.9 09.0 3.0 .0 69.0 207.0 .160 7600.9
4 1/4 43 .624 200.0 3.0 1.6 45.9 3.0 .0 135.0 409.0 .000 7750.8

1/2 44 - 9 .0 _N.4 1.7 1 .0 :1 5.1 - 4:1 16 '1 7u o
5 1/4 41 1.670 20.0 6.0 1.9 40.0 3.0 .0 135.0 465.0 .165 779f.5

1/2 46 .941 1.5 3.0 2.1 39.0 3.0 .0 69.0 207.0 .160 7604.0

emsot 2 47 5.010 20.0 6.0 1.9 46.0 1.0 186.0 260.0 268.0 .0S 1698.0
Creok 3 1/4 48 9.A5O . 6.o 1.5 40 " .. . 0 coe.9 1996.91- 5T0-07 '

1/2 4 : 5.090 5.0 5.0 1.5 46.0 6.0 .0 335.5 2610.0 .690 1175.6
3/4 50 6.060 9.0 9.0 1.9 40. 6.0 -66.0 262.0 1572.0 .100 105.9

4 1/4 51 4.160 10.0 .0 26.0 1336.0 .00 99f5.0
1/2 52 4.770 10.0 4.0 1.4 60.0 96 -11 33.0 1679.0 .875 l100.6
3/4 53 3.70 9.0 6.6 1.5 49.9 5.0 -10.0 262.1 1315.6 .6§5 109

5 1/4 54 3.710 .0 9.0 1.6 49.0 9.0 -56.0 266.0 1336.6 .079 1950..
1/2 55 4.540 10.0 6.0 1.0 40.9 5.0 -0.0 339.0 1675.6 .075 105n.0
3/4 56 4.490 0.0 -6.0 1.9 45.0 3:.0 60.0 262.0 706.0 .125 90.0

IlX Hills 2 57 1.0 706.6 9.6 1.4 50.0 4.0 .6 343.0 1372.6 .020 290.0
3 1/4 58 T90 756.5 5.0 1.4 90.504.0 .6 343.1 1 72.--016--4. -

4 1/4 59 2.616 760.0 5.0 1.4 96.9 4.0 .0 343.0 1372.6 .620 0.
5 1/4 60 3.130 706.0 9.6 1.4 56.0 4.0 .6 343.0 1312.6 .626 310.6

Carriso 2 61 2.670 50.0 5.0 1.5 46.0 3.0 .6 243.0 729.6 .06 1630.03 1/4 62 02°170 .5 9.0 1.5 46.0 3.0 .0 272.5 16 .0 Ill 5se.6

12 63 .71 : .9 9.6 1.5 46.0 5.0 .6 211.6 155.6 .150 950.6
3/4 64 1.090 .0 9.6 1.9 46.0 6.0 -19.0 245., 1470.0 .190 2.0.0

4 1/4 65 1.990 90.6 9.6 1.4 ;1.0 3.5 .6 272.5 616.6 .00 1.3..0
1/2 66 2.290 10.0 9.0 1.4 50.9 3.0 60.6 211.0 633.6 .350 1640.9
3/4 67 2.1a0 2.0 9.0 1.5 4J.0 5.0 -39.0 249.6 1225.0 .196 1640.6

S 1/4 68 0 1 5 5.0 7.0 11.11 6.0 .0 202.1 0532.9 .a20 21'62:
1/2 69 2.70. 2. 9 9.6 1.9 40.0 9.1 140.6 211.6 1959.6 .00 1990.0
3/4 70 1.630 .0 9.0 2.3 16.6 3.0 10.0 249.0 735.6 .090 1650.0

NUnasf 2 71 5.601 .6 9.6 2.3 5-.0 6.0 20.6 187.0 1122.6 .650 1690.0
3 1/4 72 25.0 .1 .0 2. 1.5 It. . . J -151 96307-

1/2 73 5.460 3.0 9.6 1.9 40.5 5.0 -149. 209.0 1646.6 :1°6 112.6
3/4 74 5.660 .0 9.6 2.3 15.6 6.0 360.6 160.6 t16.6 .666 1:00.6

4 1/4 70 5.416 3.0 5.6 1.5 46.9 9.0 139.6 173.0 669.6 .161 110.6
1/ 76 9.456 9.6 5.61 . 46.6 9.0 -66.6 244.6 I146.0 .366 166.6
/ 77 4.69e 16.6 9.0 1.9 46.9 4.6 -0.61tl i 7,6. 1 .166 966.6

1/2 7: 5.Iit 6.6 5.0 1.9 41.6 1.6 -6.0 266.6 366.6 .311 6.6
3/4 0 4.103 06.@ 4.61 . 46.6 1.6 -91.1 66.6 160.6 .36. 69.6
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I

EN7IRONMENTAL VARIABLES

Definitions and Values for Stations on the Pacific Northwest Profile

("i" numbers are subscripts indicating the type of variable used in
model studies.)

(xij is the value of variable of type -'i" at location "j"o)

"i" number Definition &nit of value or arbitrary unit

LOCAL ENIURONMENTAL VARIABLES FCR EA.-H 6EISMOMETER POSITION

3 Mean Noise Level, with respect to mean mmu p-p @
master station noise level of 0°879 mmu p-,p 1.25-1.50 sec.

period

4 Thickness of Alluvium under seismometer feet

5 Solidity of Ground under seismometer arbitrary units

soft mud .. ....... 1
dry ground o ... . . . . . . . . . . . 5
rock .. . . . . . . . . . . 10

6 Density of Material under seismometer gm/cm 3

7 Porosity cf Material under seismometer %

8 Type of Topographv within 1/8 mile of seismometer arbitrary units

hill and ridge top o... 6
hillside ........ . 5
large alley, plain, alluvial'fan ........ 4
small valley . 3
ravine. open end ........ . 2
box :anycn, cove ..... . 1

9 Topcqraphic Cirvature Elevation cf seismometer
minus .axirum at erage elevation at ends of 1/4
mile line acroE seismcmeter poaiticn feet

10 Wind Speed (1000 pips per 200 seconds = 15 knots/ pips per

200 seconds

11 Wind Speed times Iopographic :ype (xl0j)o~8j'

12 Topographic Slope Maximum gradient over 1000 ft.
line across seismometer locaticn
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Hi number Definition Unit of value or arbitrary unit

REGIONAL ENVIRONMENTAL 'ARIABLES FOR EACH STATION

Station TopcgraEh Difference in elevation within
eachquadrant of a circle of 15 km radius around
array center, from lowest point to highest closed
contour inside the quadrangle that closes mostly
within 20 km of center

14 SW of station feet
17 NW of station feet
20 NE of station feet
23 SE of station feet

Sttion ope Maximum gradient over 1.5 km line
across the quadrangle

15 SW of station
18 NW of station
21 NE of station
24 SE cf staticn

Station Tectonics Average number of folds per
mile times "dip' times number of faults within
20 miles: where "dip = average maximum dip in
degree of folds inside a 2-mile radius number

16 SW of station number
19 NW of station number
22 NE of station number
25 SE of station number

Characteristics of Sedimentary Column, between
surface and granite basement, under stations

26 Average density gm/cm 3

27 Average porosity %Y
28 Average 8000 ' ve.ozity km/sec
29 Average thickness of sediments feet x 10- 3

30 ;egetaticn arbitrary units

sage grass, no trees . . ...... 1.0
light forest cover kcut off) . .. .... 7.5
dense forest . ............ .. . 10o0
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"i" number Definition Unit of value or arbitrary unit

CUMULATIVE ENVIRONMENTAL VARIABLES

"Geomorphic Interfaces" Term includes dividing
lines between zones of contrasting geomorphology
(such as mountains and valleys) and all major
fault zones. Interfaces are defined only for
features more than 3 km wide along profile

31 Total of absolute values of all weighted
interfaces

32 Total of positive weighted geomorphic interfaces
33 Total of negative weighted geomorphic interfaces
34 Algebraic sum of weighted geomorphic interfaces
35 Total of absolute values of all unweighted

interfaces
36 Total of positive unweighted geomorphic

interfaces
37 Total of negative unweighted geomorphic

interfaces
38 Algebraic sum of unweighted geomorphic

interfaces

(Values assigned to geomorphic interfaces include
a quantity and an algebraic sign, indicating the
order in which the contrast would be "seen" by
ocean-generated noise crossing the interface:
(+) for valley/mountain interface, (-) for mountain/
valley interface)

Each interface... ............... 1, except
when weights
listed below
are used

West side of Coast Range ..... .... . + 5
East side of Coast Range ..... ... .... - 7
West and East sides of Puget Sound-Willemette

Trough .-..... 0... 0 0 ..... 10
West side of Cascade Range . .......... + 8
Columbia Plateau ......... . . .. . + 6
Blue Mountains ..... . ....... , - 3
Wallowa Mountains ................ 2
All others . . ........... . . .. . 1
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"i" number Definition Unit of value or arbitrary unit

CUMULATIVE ENVIRONMENTAL VARIABLES (Continued)

Total Distance Along Profile from Station to Ocean
Through the Following Features:

39 All mountains km
40 All hills km
41 All valleys and coast km
42 All young sedimentary mountains and hills km
43 All granitic and Metamorphic sedimentary

mountains and hills km
44 Columbia Plateau km
45 All hills and all young sedimentary mountains

and hills (40 plus 42) km
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QUANTITATIVE DESCRIPTIONS OF LOCAL PHYSICAL ENVIRONMENTS
and

NOISE LEVELS (1.25 - 1.50 Sec. PERIOD)
for the

PACIFIC NORTHWEST PROFILE

TABLE 6.4.2.1

Iem Rl Poros. xir
Noise Solid- D Topo Topo. Avg. Tope Topo Soi.

Level ity gm/m % Type Curvat. Wind Type Slope lev.

i- I . 7 0 9 10 it 12 13

station Channel EXt. j,

Im9.3m 2 1 99.743 2.9 iT - 39.0 .0 19.0 178.0 990.0 .009 369.0
3 1/4 2 91.,84 2.5 2.2 21.0 9.0 -20.0 110.0 000.0 .0o .0

1/2 3 .0.9 2.2 29.0 .1 .100.0 .0 .0 ., 0 31.0
3/4 4 4:05 ,,1, f, 2.2 - S9. - .91_ 2. 217. 1649.0 .0 1 292.0-

4 1/4 5 42.090 0.9 2.2 29.0 6. 30.0 136.0 00.0 .090 966.0
1/2 6 .O_ .009 .9 22 :.0 - .0.
3/4 7 41.971 2.9 2.2 29.0- 9.0- -7 0.0 217.0 1009.0 .190 10.05 1/4 8 52.560 20 1. 3p.0 S.ot 22., 136:.9 6o0, !9.
1/2 9 00O . 10 20.0 9.0 20.0 .0 .0 .070 376.0
3/4 10 47.103 0.9 1.0 20.0 9.0 .0 0 1 609a .19! Ins.0

MENDOTA9 2 11 14 ~ 1 r ;00 60- 710.0 - 0.0 180.0 - ;23i Iola. I
3 1/4 12 2.267 9.0 2.0 29.0 :0 .40.0 19.0 70 .30 1670.0

1/2 13 2.41P 0.9 1.7 30. :.0 .0 09.0 341 .0 .290 16p0.0
1 14 2.424 0.9 1.9 20.0 9.0 .0 06.0 439.0 .206 1999.9

4 1/4 15 1 --1-0 -0fs 19.0 79.0 .2 40 1.6.
1/2 16 1.990 10.0 1.9 20.0 9.0 .2.0 69.0 39.o .199 1039.0
1 17 --... - 5T ., + - - --- *--90.0 96.0 514.0 .230 1001.0

5 1/4 18 2.124 9.0 2.2 30.0 9.0 9.0 19.0 70.0 .179 17qo.o
1/2 19 .107 2.0 2 90.0 0.0 40.0 69.0 249.0 .229 1770.0
1 20 1.900 9.9 1.9 30.0 9. 20.0 66.0 430.0 .240 140.0

09.603 2 -- 9T 19 0 -- 5; 20 209.0 27.0 0.0 .900 60~E
3 1/2 22 1.99S 9.0 2.0 30.0 3 23;9.0 114.0 .30 10.0

1 23 1.99 9.0 2,0 30.9 3.2 -490.O 17.0 92.0 .490 9096.0
4 1/2 24 .31.2 .0 2.1 39.6 3.0 -130.9 39.0 114.0 .2990 410.

1 5 T 5;1VE1 2:'17 3399 1. 1.0n .29" - ___-E

5 1/2 26 1.909 2.9 19 36.6 3.0 -40O.0 39.0 114.0 .1Z9 A999.9
1 27 -77 f1"~- 1. .2 7 610.0 17.0 -91.0 .Oil 1,.

TOPPSZHSH 2 20 .679 7.0 1.4 39.9 2.0 3.0 097.0 574.0 .049 1698.0

No 3 1/2 29 1-.0@ 99-S -7. 3ET .0 257.0 1148..0 039 15?9.6
4 1/2 30 "00 0.9 2.0 30.0 9.0 19.0 267.0 1439.0 .149 1 60.6
5 W/ 31 - y0~ w. 4.0 11 U 2 6.0 1146.6 14 7E

TOP VEWH 2 32 .990 7.0 1.4 39. 2.0 39.0 426.0 896.0 .049 1600.0
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6.5 Noise Level Statistics

This section consists of tables showing corrected average noise
amplitudes, as described in section 4.1.2.2, taken from 200-second sam-
ples for each indicated frequency band, for each channel at all stations
occupied on the Appalachian and Pacific Northwest profiles. Noise am-
plitude data for most of the channels and most of the stations on the
California profile are also included.

The original data from California were computed by hand, while
those for the Pacific Northwest and Appalachian areas were converted
by use of the CDC 1604 digital computer. Some of the hand-converted
California data were punched onto cards for use by another project and
these data with those from the other two areas are included in the
machine listings below. The remaining California data, although missing
from the tabulation, are available and were utilized by this project.

On each of the tables, Channel 2 (short-period seismometer at array
center) is on the upper left, Channel 3 (short-period seismometer - north)
is on the upper right, Channel 4 (short-period seismometer-southeast) is
on the lower left, and Channel 5 (short period seismometer-southwest) is
on the lower right. Samples are listed in chronological order. The
master station table follows the last of the tables for the slave stations
on the profile.
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TABLE OF GROUND MOTION AMPLITUDES COMPUTED FROM PSDUs

All amplitudes computed from PSD's are listed in the following tables.

Numbers under each column heading identify stations, array radii, seis-
mometer positions and sample times, as indicated below.

Legend of Column Headings:

California

Station

1 = Cedar Creek
2 = Death Valley
3 = Panamint
4 = Darwin
5 = Big Meadow
6 = Elk Hills
7 = Mannot Creek
8 = Carrizo
9 = Huasna River
0 = Round Mountain

Pacific Northwest

1 = Toppenish Ridge
2 = Mabton
3 = Paterson
4 = Gibbon
5 = Markham
6 = Mendota
7 = Randle
8 = Armin
0 = Toppenish Ridge Master Station

Appalachian

1 = Rawlings
2 = Farmville
3 = Buena Vista
4 = Birch River
5 = Franklin
6 = Belvidere
7 = Weeksville
8 = Bodie Island
0 = Warm Springs
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Extensions

1 = 1/4 mile extension
2 = 1/2 mile extension
3 = 3/4 mile extension
4 = 1 mile extension

Channel - Refers to channels 2 at center, 3 to the north, 4 to the SE,
and 5 to the SW of array for short period seismometer.

Day - Day of year in reference to January 1.

Hour - Greenwich Mean Time at beginning of sample (most samples were
200 seconds long).

Frequencies (and periods) indicate center of narrow band in which ampli-
tudes were determined from samples listed.

Amplitudes are rms ground motion in mA.LP-P (corrected for system response)
for each frequency band, averaged over the 200 seconds beginning with
each sample time listed.

Amplitudes were determined from rms voltage through a filter effectively
.01 cps wide, by its relation to an rms voltage generated by a seismometer
moving in response to equivalent earth motion of known amplitude and
frequency.
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CALIFORNIA SLAVE STATIONS
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CALIFORNIA SLAVE STATIONS

704. .25 .4 .5711 .72o9 .99 1.11 1.43 1.82 2.22 2.9% 4.0 7-4. .25 .4 .571 .729 ..9 1.11 1.43 1.92 2.22 2.94 4.0

00 =94 C2%9

Ps-o 4.0 2.5 1.5 135 215 .9 .7 .55 .45 .35 .25 *1~ s ~ ld 40 25 27 .7 .2 9 . 5 4 2 2

52 0 49 99 49 .29 9 .A4 .A2 .99 4.0 4.9 1.25 . 19 .375 1.125 .19 .97 .591 .95 35 .2

924 11 20 425 .944 .429 .122 0 .99 .2 .997202 39.19 .59 ,99 79 .99 .95 79
92 4 :279.2 49 .2 99 .4 99 .0 2 0 9 .2 .9 .7 79 .5 .. 9 .9424 49 1229 .719 .9 . , .0 .94 .2 ' .9"591 712 42,. 199 :.92 4 To .9 .9 139 119 .94241 402 1749 .. 5 .2 .29 .9 .92 .9 .9272 2219.1 5.9 159 99 99 .95 .5

42225 199 99 .99 29 .4 . .29 .,N1 243 499.9 9.9 2,9 ,4 .5 121 51
92 5)299.09 .29 .90 .99 .69 .27. 2 79 243994.1 . 195 .70 .9 92 .5 9

444409 294.59 .49 229 .92 .93 .9 90 71 4 1 99 9.7991.4 9 . 99$ , 99 7: 1 ,999 1:.14 .

4422 45. 199 4 .1o .9 .94 .92 .91 7l1249 1599 9,299 4.979 1,13 .19 .9 .19 74
444~ " 99 459 . .47 .99 99 3 . 42 '10 722 25: 9.959 I9 1.I .77 .75 .19 .2

444 ~ ~ ~ ~ ~ : 2091 942: .2491. .47 .19 .0.09 .919772 5 9 .. .9 ,9 . 2,059: 1,949 1.0.9

44449 292 92 . 1 .44 .1: :.42.41 9 : . 942 792: 259 0999 7I79 9,t .2 99 . .7 1.2-'49424~~' 20 270 .99IM,20 .5 90 .4 .1 9 9 59799 929 .9 99 .9 .9 ,9444409427 .79 49 .29 .99 .09 IN44 .79 792 25019,19 ,79 290 ,99 99 1,4 1.9
924 59 21 952 ,429 .15 .99 .34 .20 954702219 99929.99 .999 1,99 1999 1.97 2.492.95

4414 14,740.4 .19 :.92 .4 .929 .901 742. 415 7.43o 9569 2.790 1.14 0 9 2.o 2 1C . 0

'24~ :9 729 1024 549 .9 4 4 .62 1. :074 794 255 159 9.259 9,090 1,400 1.17 79 1,1 ,1
714 ~ ~ ~ ~ ' 24 292.0 549 149 .2 .1 15o .9 72 25 151900 710 ,40 :,o .D 2.099 1.959

72 941022.050 4.454 0.929 .401.4 1.279 IF 722 457 : 799 1209. .99 1. 1,09 .990 1,795 1179'
214 45 4209.50 5290 1.05 .79 .90 .22 .90 73 25 209 9230 7.99 1,99 759 .97 1.933,57214 40 1 02090 .550 1.49 .79 .09 .79 .99 22 47 070 9279 ,945 1,401"501.1% 119: ,59

72 44 599.99 I.9 1.2201 .0 . 902 1.J 5 4 257 9994 9.0 ,9 ,5 55 .5 .9 .4

222 2904200 0 .0 7T 249 .420 9.02 1..35 4,97 72 2 2991,9 995 224 ,7 74 1.9 119

224~~ 451 249 02.0 5,99 4.4 1.20 .95 1.49 1.207 2 2 1 9,479 0 .4 1.40 .9 90 .5 .

72 259.9 1.410 1 .19 19 .90 2.2I00 1 . 76 792 02 15,919 5949 1190 77 l. 95 ,4 .1
22 21 99193.499 7.1291.o .9 9 1. 1.09 .9. 792 29399599 7.5 ,2 9 1.2 .9 .4724 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 3 151 240 9.0 .9 .4 09 .0 94 ,5 3 99.950 7,799 1291 7 .9 .7 .4

02 25 00 995 799 220 .70 .991.299 1373 96 19999.9 '. 59 9.59 99 .5 ,9 .1744259 2220 9.9 .4 90 .4 .9 557204199.599 ?Aso 1. 9990 .929 1.790 1.19024 259 .59'.99 519 149 .910 .92 1.9 .329294 99 .0 .9 99 ,54 .3 19 .5
444 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 3 45. 1090.0g.9oo8 79 .24 149 .5 1 9 1 .2 1~9 .9 99 .9 15 .7
502 69 5997.49 9790 2.99 .49 944 1.95 .92 92 24 119 .97 1.99 ,95 .90 .09 199 .97

22 ?51 0079 9 9291.4199 :9 .24 .5 1 2991 99 4.9194 01 95: :.7'9 :.59 : .39 . 99 :, . 0591
722 49 09 .494 4.529 4.940 .4 C0 :4:14 9 19 9:1 9 5 02. 9 . 4 4 . 1 :.10 .971'll 5

744~1 25 9. 9 . 7 4 9 . 4 9 9 0 9 2 9 99 2 2 5 1 9 3, 9 1.o 7 9 . 9 . 9 1 1 . 923* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~3 :519 .7 .4 79 .4 46 .9 9992 9 9 .4 .9 54 *70 .0 05 .7

49 09119.59 .5 .0 *99 94 94 . 72o:3,4 .90 190 .1 *29 119 .549M 9 2 99 .50. .9 199" :94 .0 .09 .1:9 59 50714 599 .4 .9 .2 94 ,9

49410. 909 994 '15 .29 'I3 '9 .92 .01 "5 72 257 179 7.0 1 .9 19 90 395 0 54 1,96
13 044 .547 M55 099 .511. 90 .15 .9 2 1 9 7,059 o.ion 1* T*o ~ .29 9 1 .570

42 4 55.79 .9 0 .970 .009 .424 .90 721 4121 5,944 2.524 1:::04 45 940 ::41

42 L ,09 4 .9 5 .2 9 0 1 3 .0 0 : : ,1 . .4 2 .9 0 7392 4 9 59 9. 9 .2 5 0 . 4 ::,01.2 1 1 .9 92 . 0

942905.59 19 190 190 .99 :099 :.51 72 2 1099 9.9 o.5 1,99 499 9159 ,5
494 451 "39 59 .29 .0 90 .2 .9 35 9 955,9 .5 ,19 79 .9 ,9 .

499 4. 9 9 7 9 92 , 54 .9 0 14 91399 9 15 94 29.9 9 , 99 56 5 9 4 9 .992 .9 0
495 09 957.59 .90 .9 ::112.' :0951. .91 99 29 999 .9 . .4 4 29 05 .5

425 71 759* 71 .20 .94 999 990 .99 .99 92 49 139 2929 .49 ,94 ,19 .44 997 .07490 ~ ~ ~ ~ '10 2::27'79 . 79 . 9 129 .9' 99 '4 . 2095 45 ' 1 04 2.2 4 1.9119 . 4 .2 :9 . 294 .

99 7 79.14 1.2 '94 9 0 .99 3 9 :.' 1 9 909 9 .5 9 .. 1 1,59 0 1.299 I.99 I4494 25292 .299: .199: .1 :199 .39 92 91 9 9 9 ,9 ,4 ,7 49 .9 0t .7
9935: 79.5 99 .9 19 .9 97 .1 09 95 09 ,5 .5 ,9 00 .7 44 .5

944 ~ ~ ~ ~ ~ 3 2,5 979.9 29 ,99 .9 99 .2 .0 1 ,9,542.0 .9 94 .59 .2 95 ,925: 251 229 20 ,9 19 ~ .5 91219: ,99 1,:6 1,9s9 . 9 3 .19' ::'.

994459~ ~ ~ ~ ~~I. 120:599 99.5 .99 .99 : 99 34 409 119 9,51.9174,29.9 40.9

494 99 2 .77 .299.1 .10 .10 .5 430 .1 099l 25011 IIS 9.21.29 49917.9 .0 94

42 2:: 477179 22 99 ,1 .1590 .91. .90 99 5 !1 529 9,91 229 ,79 ,45 .99 .29 7

4324 45 92 .2 .3 . :3: 94 .1,5 :,139 99549 919M9 .7 o44 .979 .19. 59 .4
494. 412 921..9 219 .9 99 99 9 0911 292 119249 199 ,9 .20 99 .99 93

42420 55 99 .99 19 .29 .;9 .942 .92 925 1 494 1'4 2 1' 4299 1 1'9 .29 .16 .09 4
49929 19999 .99 .5 .99 97 .99 .092 25 95299 1.3 1939 ,49 .999 119 94

429 52 929999 999 .29 .19 .99 .59 .92 90 92 79 20~0 1,91 ,/4 .*4 .99 94 :.93
794: 2922 9 .93 0.99 199 IM9 1.17 '79 205) 2094.95 99 59 .49 90 .99 92

714~I 2To2 .9 ,9 9 9 45 90 .9 9 5 79199 90 ,9 29 .9 99 .4719 92 2994,99 5.99 ,12 * 74 .79 999 .49 995259994 9.59 1975 1.29 .49 .09 979 .95
794 44 199 99:'1'%9 ,99 5 40 29 1 0 "999547 19,9 999 1,* ,5 .2 .59 92

754 4451 "1 7,9 .4 59 9 .9 2 257 2041 9,4 9.97 1:e1 1 0 4293 ::1': ::;1'754 229 1299 7 ::9*: o. 99 .0 J999 .999 3 .99 9219 99979 999 .9 29 .4 09 .79424 2199.99 9.49 ,99 .99 03 .95 ,79 99 97295 .29 ,595 .999l ,19 :.990 :::.1 ::42794 249 55: 9,579: 4,7,99 9,95 :9.90 1.955 .79 92l 1 5 122,:"9 9.9 ,: 9 :29 .15 .39 .
79 4 9 .5 .9 ,7 .9 59190 .9 2 5 79399 990 ,9 99 .9 .. 929
T9 949 93 .9 .99 919 .79 .5 52 7291 9 993,9 .9 .5 39 03 4 .2
799 2,:9 1529 949 -. 499 220. '.10 3.17 1:2. 72 91 :0,91979 .0 ,9 ,49 .9 97 .4

794~~~~~~~~~~~~~~~~ 949 997929909 929 99 .99 147 .0 9:9 9 2.9 ,5 ,9 .9 99 .97 13'

729 259 9.099 Z.9 1999 !99 59 .9 49 9 9 191.9..2 .9 999 .4 94 .
724; ::19 .9 ,9 .9 49 99 .9 7999229599,9 ,9 .9 .7 .489 M99 'I



CALIFORNIA SLAVE STATIONS

WoISE MPeLI-8$ WISE NMPLI- Z
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Eli a. Pr.od 4.0 2.6 1.75 1.375 1.125 .9 .7 .55 .45 .35 .1ro 4.0 25 125 1.375 1.125 .9 .7 .55 .45 25 5
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739 863 1916 8.46l 2i866 .666 .e~ .446 .8 46 .444 .94
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CALIFORNIA SLAVE STATIONS
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CALIFORNIA MASTER STATION
Channel 2
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I
CALIFORNIA MASTER STATION

Channel 2
NOISE 0LItVES 400 M0PLITUES

04n8 sand

r-,. .25 .4 .571 .728 .89 1.21 1.43 1.82 2.22 2.96 4.0 Frog. .25 .4 .571 .728 .89 1.11 1.43 1.82 2.22 2.96 4.0
CPS cPsq

c:.tod

. eP . 4.0 2.5 1.75 1.375 1.125 .9 .7 .55 .45 .35 .25 ft, A frtI 4.0 2.5 1.75 1.375 1.125 .9 .7 .55 .45 .35 .25

090 879 008 1.070 .820 .140 .010 .088 .020 .074
000 279 1255 .020 .230 .105 .0 4 .028 .020 .579

000 270 1447 1.140 .870 .105 .075 .042 .02 .009
000 892 200 .740 .800 .118 .047 .029 .920 .029
000 891 9 .090 .800 .197 * 003 .023 .025 .078
000 801 500 .000 .820 .107 .002 .024 .010 .910
000 291 1090 .440 .290 555s .077 .020 .900 .90

o0 201 1510 9 .610 .146 .09 .020 .084 . 70000 291 2100 .400 .310 .149 .001 .025 .080 .924
o 898 40 .000 .870 .110 .070 .039 .98' .006
000 292 459 .000 .300 .174 .100 .045 .051 .045
000 29 10 .o00 .270 .00 .14 1 .84 .020 .02

000 808 .40 .490 .15 2f 00 .031 .05 .023
000 203 500 .750 .800 .100 ,092 .021 .901 .09050 298 1010 .710 .820 ,112 ,o94 .031 ,000 .050

050 202 1010 .70 L270 .112 .002 .020 .024 .024009 204 0010 .000 .800 .820 .108 .040 .08' .030
000 297 1,980 .080 1291 .192 ,434 .020 .072
@00 297 500 1000 .510 e020 .253 .040 .037 .10*

00 2079098.~800 o .* .011 .:1 .12 .211 .858
002 837 100 .000 ..g0 .289 .077 .020 .020 .05*
900 290 85 .010 .820 .113 .03 .04 .011 .050000 204 500 .000 .800 .1123 .098 .90 .020 .05*

000 89010006 .90 .22o .102 .07 .002 .02 .018

0 0 0 9 0 1 5 0 . 8 0 2 8 0 2 2 9 9 4 9 . 0 2 9 2 2 . 0

000 201 1005 1.090 .440 .995 .0*7 .475 .021 .088
000 808 9 1.090 .020 .440 .097 .005 .020 .039
000 802 500 1.740 .000 .980 .043 .104 .070 .94
000 202 11e5 0.100 .400 .39 .298209 .079 .05* .901
000 808 1445 100 .750 .410 il .100 .07 .020 .028
000 208 8000 1.370 .000 .248 1 40 .072 .053 .045

004 804 95 1.291 .090 ,28* .08 .087 .080 .008
.0 808 900 2.080 1.070 .42 .107 .10 .00* .025000 804 1000 .000 .400 .17* .007 .038 .025 .085

40 58l150 1.240 .000 08 .077 .031 .025 .024
000 801 1.180 ,080 .100 .005 .087 .020 .132
000 805 505 .901 :300 .187 ,050 .029 ,022 .014
000 805 1005 .90 ,.1M .1 9 .002 .077 .980 .014000 205 1500 .900 .490 .054 .094 .007 .024 ,028

000 855 1010 1.200 . .0 .100 1 . .189 .03
009 209 89 1.140 .40 .1279 .15 .*S: .043 .039
000 84* 500 1.910 .700 .078 .101 .099 40.4 .070
000 804 1000 .14 1.00 .790 '132 .1 .002 .000

00 870 1915 .000 .890 .174 .077 .081 .000 .01*
000 297 125 .430 .240 .147 .009 .200 .o18 .010
000 207 sos .020 ,270 ,127 *oi 04 022 .01' .011
44, 8o7 1010 ,790 .190 .2o .B59 .059 .400 .05.
400 207 t525 .940 .270 ,112 * 059 .002 .038 .000
000 212 2000 1.000 .070 *10 .184 ,074 .090 .02
000 811 .900 .*oo .224 .t20 .o59 .000 .021
004 21 500 .041 .800 .172 .090 .498 .929 .034
000 211 1010 .740 .840 .140 .009 .040 .02w .03*
I0 201 150o .740 .820 .194 .009 .0'9 .020 .030
000 851 1900 1.090 .420 .1*1 .177 .007 .02l .032
000 812 10 .570 .300 .090 .940 .075 .040 .954
000 812 510 .090 .100 .827 .100 .058 .020 .051
000 812 1000 .900 .200 .074 .084 .097 .415 .01,
000 818 1530 .070 .100 .001 .028 .018 .405 .052
90 818 2004 .400 .240 .110 ,0S8 .429 .010 .028
900 818 80 1.040 .300 .189 .09* .028 .080 .02
999 218 500 .450 .101 .099 .908 1017 .010 .018
099 858 1000 .900 .010 .100 .042 .00. .010 .13 ..
00908 150 .410*e .240 .000 .002 .004 .010 .018
0018 12000I .900 .200 .104 .019 .017 .006 .020
000 814 019 .900 .240 .1894 .041 .024 .004 .020
000 St4 000 .910 .000 .144 .009 .024 .0*0 .002
000 814 $110 .400 .040 .14 .009 .000 .010 .020
00 10 1009 1.079 .010 .000 .002 .022 .0I9 .038



PACIFIC NORTHWEST SLAVE STATIONS

-Ma MPLITLODIs 
wm u LTmnU

Fre.. .25 .4 .571 .728 .89 1.11 1.43 1.82 2.22 2.96 4.0 req. .25 .4 .571 .728 .89 1.11 1.43 1.82 2.22 2.94 4.0
cps cs

Snoo . 088.

82 229 10 42.788 8.828 2.884 .288 .429 .125 .228 .8*8 .02 .022 .811
822 224 588 42,83 8.828 2.888 ,884 .428 .122 .224 .008 .422 .822 .011
822 3 ao 3 0 .20 14.128 2.8 2 .214 .221 .128 ,222 .4.7 .01 .018 .01

22 A4 148 8'.14 11?1. 4.24 1.21 .49 .142 .0 3 .24 .422 .0a 8 .011 122 24 804 4.40 1.288 2.182 a1s8 *5O2 , 4 .55 .448 .41 .:22 .86

822 238 8588 58.581 12.488 4.284 1.821 .884 .285 .080 .840 .072 .818 .811 182 284 8888 80.588 12.787 9.828 1.483 .t0 .184 .888 .800 .882 .888 ,008

822 238 210 42.842 12.814 2.842 1.218 .522 .122 .055 .882 .022 .822 .811 02 334 1840 58.853 14.808 8.278 1.400 .841 .281 .080 .888 .838 .822 .018

12' 245 28 40.988 9.887 2.414 .481 .245 .159 .055 .828 .872 .058 .011 122 280 208 48.480 15.155 4. 9 1013 .888 .218 .881 .880 .884 .838 .880
01 2.11 . . .4 .182 149 .4 2.182 .. 812 .191'." 12 "1 9 ,16 

1.93 .841 .2171

822 22 1O0 28.588 4.224 2.502 .840 .287 .140 .095 .048 .820 .811 .088 124 208 940 28.288 7.800 1.888 .818 .508 .292 .088 .148 .123 .051 .838
22 25 1588 8.547 .408 .758 .588 .214 .02 .0 s5 .28 02 .814 .88 122 35 1048 1.n87 a

0 0
6 1.228 208 ,104 11I' .88 .28 .82 . 11 .088

122 222 2100 2.04 8.43 201 1.25 .385 .122 05 .04 07 028 .14 12 20l 1188 18,188 .o8 1.148 . .:1 182 Is 108 :.1, 01 . 808

S122 208 18 8.889 9 .80 .248 44 .22 .108 041 .034 .27 .018 .54 804 38 1040 2.20 .718 .28 .2| .071 .108 .142 .881 022 . 22 .884

122 38 705 38.858 4.582 2,234 .422 .282 .108 .808 .424 .888 .318 .811 002 38 818 23.181 8.530 1.882 .828 .884 .18 .078 .888 .072 4586 .811

122 228 1202 40.40 11.116 2.828 .44 .71 .01 .041 .28 .022 .18 .15 102 38 8g5 4.882 8,884 1.284 .03 .028 .108 .084 .028 .858 304 .088

122 238 1159 e2.84a aa.Ooo 2.442 1.241 .410 .013 .091 .858 .848 .052 .823 802 238 8202 24.028 2,lsn 0.880 .800 .388 .184 .814 .os6 .o4s .808 .881

282 232 201 01.290 2.552 2.028 .044 .282 .120 .858 .028 .084 .822 .828 122 230 185' 28.528 7,392 2.134 .881 .252 .128 .855 .4 .877 .010 .011
1 212 78 8.891 .258 2.04 1.52 .27 .111 .a22 .28 .832 .20 .015 1 2 2 308 8.808 8.180 .088 .880 .22 .148 .3 1 .20 .02 .05 .84

12' 4 1208 8.2 8,288 2.280 1.60 3221 .0 0 .028 .035 .821 .485 1 2 22 818 2.588 .413 1.50 .14 .82 .82 .3, .28 .82 .20 .851

25223 14 712 84.588 18.081 4.579 1.351 .890 .088 .84u .033 .045 1 84 5 7 81 242 1288 28.588 8.038 1.838 .88 .212 .001 .os .055 .28 .087 .828 .058

202 24 2 4 2723 2.n83 5.824 2.100 .285 .24 .u12 .888 .083 .898 .075 .834 12 220 1812 28.892 7.244 2.288 .981 .212 .828 ,0o1 .071 .495 .802 .848
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222 11 9 4.007 2.4 1404 825 .02 174 12 ,194 109 000 00 308 10 025 24.749 .89 .402 ,970 .270 180 .222 .10 .2'o ,.00 ,a9I

422 11 609 27.244 8.9 1.048 .892 .423 .240 .158 .81 .111 .94~ .02, 202 11 5 47.109 0,891 8,298 .490 .290 .10 .941 .193 .003 .042 .002
2 ' I1 1059 32.91 120 2,08 , 2 .81 1 9 .11 .878 .00 .095 .028 202 11 200 1',1'3 1.310 

1241 .lI0 .1'9 ,122 .24 .105 .090 .100 ,00a

222 11 6990 9.988 .224 1.41 .822 .280 14 .152 .40 .0 .08 .91 222 ' 1 110 212.312 4.800 1201 .3 .94 811 .109 .150 ,04 .00o .021

222 81 2035 10. 087 4.220 .448 .J22 .848 .002 .152 .889 .929 .080 .948 222 12 1090 42,012 9.749 2.090 1.199 ,901 .229 .281 .010 .142 .11 .094
21 12 11 1 84 .0.281 . .889 .099 .12 .008 .04 .54 .029 202 1 049 1:001 .90 1.032 

::,3 :0 
.4.I .149 .49 .14 . 100 .059

2 22 500 21.01 4.529 0.224 .419 .888 .00 .190 .002 .042 .928 .089 204 12 21 10.000 4.178 .914 .410 .188 .000 .203 .1.0 .099 .068 .009
424 1 1500 470 1.40 1492 .470 .08 .10 .122 .40 .030 .010 .000 302 2 1 00o 1.0 4.80 1.89 .400 ,4 .009 .092 .09 .03 .020 2100

422 22 1904 27.075 0,080 1.810 .822 .800 .012 .574 .07 .109 .082 .929 222 12 2004 19.211 9.812 1.981 .400 .140 .009 .011 .002 .034 ,01e .011

22 18 2004 38.388 9.400 2,45' ,891 .320 .220 .225 ,097 .004 .091 .034 222 12 1500 22.184 4.008 1240 .004 .177 ,c82 ,807 ,o79 ,o73 .012 .*00
22 18 510 .41 18.11 2.07 .11 2 .03 .2 0 .12 .82 .$90 .04 .030 232 10 000 5.501 0410 .209 .744 .202 .100 8157 .074 .11 .038 908

422 II 804 24.408 2.420 2.200 .743 .214 .142 .162 *004 .050 .020 .08 222 88 110 20.581 87901 2.194 .822 .212 .184 .800 .093 .011 .09.2 .923

422 16 1065 22.142 0.442 2.404 .890 .28g 10 .14 .132 .07 .010 .032 .020 222 00 800 22.902 8.880 8.048 .600 .292 .129 .0 .079 .091 .020 .019
224 10180b0 31.922 2.120 2,952 .229 .254 .209 .19' .889 .074 .028 .921 202 58 2090 23.901 9903 1.739 .880 .225 .900 .200 .004 .091 .020 .014

"2 I 2958 2. M2 . 1 .52 .28 .12 .17 .0 .054 .01 .01 2 1 00 2,10 .902 1.088 .44 .1 4 .120 .12 .110 001 .030 .020

422 18 45 29.129 8.000 2.242 .085 .290 .120 .102 .812 .004 .075 .04432 88J 1 0 2O 0.200 1.109 8.492 .904 .875 .121 .854 .061 .042 .029 .014
22 18 520 45.190 8.249 2.239 ,095 .222 .802 .168 .842 .010 .058 .020 202 17 45 19801 74 0.951 .880 0i71 .129 .931 * 047 .071 .080 0311

2 97 1840 21.224 /.902 2.481 .242 .420 .248 .242 .412 .214 .082 .040 222 17 820 24.001 1.108 2.000 .003 .271 .184 .133 .111 .099 0901 .,18
444 1 2200 00.49 8249 234 .709 , 4 ,211 .218 . 51 3 . 0 9, 8 8 21 1 87 1040 2820 .24 . 08 .970 1 0 203 .299 .21 ,13 ,080 ,000

444 18 240 5o.290 0.197 2.18 .491 .22 .217 .222 .11 .4 .04 .0422 .14.

"::*4 1.- .10. .4. + 4:?oO 3.o 0§2J .+ 11 .1 . 01

242 1 00 50.9 / 01.8 .594 2.472 .02 .455 .209 .218 .204 .140 .000 .065 832 50 240 38.244 4.240 9.939 .844 .211 .118 .118 .004 .000 .040 .008
242 13 9950 14.404 2.500 2.210 .529 .281 .184 .194 .143 .043 .0 .034 238 54 500 40.81 0021 1,039 .808 .3 .100 .148 .004 .114 01 .090

442 18 2040 21.l1/ 8.90 2.220 2.292 2.045 2.151 9.628 .800 .517 .204 .240 222 10 91 0.024 2.117 .?44 .407 .203 .503 .930 .801 .090 .e08 .014
lo 1 24.07 1.411 2.718 .1 .4 8 .400 .4 .23 .159 .000 .000 22 10 00 20.07 4 .179 1.029 . 0 .4 9 .990 .492 .3eo .177 .000 .092

242 59 900 32.921 1.003 2.118 .700 .285 .217 .232 .282 .109 .000 .000 882 80 20.572 7.120 0.300 1.188 ,78? .901 .319 .0 .800 .000 .000
442 22 9940 17.40 0.145 1.248 .448 .210 .064 .01 .040 .011 .029 .14 822 19 900 3.01 .04 1.002 .10o .14 .200 .20, .171 .000 .000 .00

224 22 121 22.420 0.841 1.041 ,448 .881 ,890 .080 .090 .052 .058 .020 32 22 1030 11.011 2.900 1.202 ,942 .229 .804 .088 .030 .001 .010 .01
442 82 558 14.044 4.401 .202 .098 .191 .00 .071 .140 .004 .051 .041 322 23 1 1.80 2,90 .1 0 .149 .171 .140 .000 .03 .04 * 09 .00

24. 22 040 24.04 .10 .228 .00 .192 ... 040 24 2 1 .920 .15 1.011 .40 .180 .03 .018 .07 000 .09 .03

222 02 445 20.?740 .05 .940 .819 .24 .20 .949 .103 .070 .000 .000 8I 28 40 191 0,1. 109 1.41 .10 .114 .90 .117 .889 .11 .091 .04

4 4 282290 .088 .508 .10 .25 .212 .195 .140 .o09 .72 .042 .020 822 03 2041 17303 .980 .10 .43 .3 02 .09l .010 .09% .042 .000 .000

24l 20 100 2.1 1 .712 2.00 .11 0 .225 .114 .48 .000 .042 .02 .024 42 4 299 0.14 .17 .47 .720 .218 .82 .103 .01 .092 .32 .029

242 15 602 2025 8.0 0.522 .804 .284 .114 .080 .099 .030 .022 .022 802 25 800 28.548 8,127 0,305 .119 .1 .189 .01+ .099 .000 .028 .059

232 20 240 28.044 8.880 2.007 *.4 .481 .225 .288 .420 .814 .052 .040 242 21 807 20,983 7,102 2.51+ .740 .289 .10 .078 .049 .033 .028 ,O020

242 25 0800 20.151 0.11 2.222 .¥87 .203 .188 .952 .104 .091 .052 .090 242 39 120 29.958 0.309 2.220 1.080 ,419 .302 .200 .305 .131 .004 * 030
242 21 420 40,32 22 1 08 8.618 3,085 2.209 2.000 1.012 5.03 .119 .400 .7 242 21 810 29.972 9.334 2.997 1.000 .900 .09 .147 .117 .1 .094 .040

244 P8 205 00.244 7.080 3.22 8.240 .804 .422 ,21¥ .209 .847 .838 .005 292 20 2020 41,119 22.200 8.354 4.0 4.01 2,070 8,780 .039 .172 .30e .130
232 28 900 22.972 8.000 2.902 .640 .4 .289 .212 .437 .852 .030 .028 342 20 201 22.892 0.252 3.898 1.010 1.020 .100 .408 .218 .107 .077 .934

202 70 24ee .01 .,410 1.42 .015 .202 .20 .04 .401 .241 .078 .20 42 20 00 0.003 7,898 .11 1.00 .11 .70 .11 .288 .00 .070 .020

4 28 11 21. 4 .22 2.2 .1'4 . .1 .141 .1I' . . . 1 31"21 1 1' 2 1 .4 :14 .10

141 111 1;0 711 1,4 1174 1oi 
,40 ,0 1",+p ,7 11 ,

202 09 1850 24.003 4.280 0.078 .801 .280 .119 .109 .19o .100 .002 .032 892 28 100 ~o1 2102 .021 2.190 .000 .400 .101 .830 .800 .054 .041 .031
242 20 4350 23.*2 .28 0.044 10 .881 .288 .200 .148 .221 .002 .041 .030 204 20 1090 22.000 0.800 2.892 .999 ,21 .101 .011 .091 .09 .040 .021

242 24 502 27. 351 8.992 1.484 .199 .289 .100 .232 .219 .105 .048 .500 242 09 3309 09e220 4.800 0,479 .009 .01 .840 .048 .877 .094 .032 .030

242 49 4000 84.249 9.800 8.869 .e00 .208 .217 .980 .410 .201 .080 .030 842 381 2 20 1.900 0.e14 0.400 .008 .400 .243 .201 .082 .007 .040 .00
232 30 8:00 2.008 .211 1.21 .549 .212 .810 .:22 .100 .091 .48 .090 42 30 1000 14.740 1.210 170; 120 .89 .002 .311 84 .1;: .III .03

242 40 4100 20.284 5.943 1.400 .174 .225 .142 .179 .048 .093 .035 .025 842 29 0000 22.4481 .219 0.930 .822 .307 .009 .200 .183 .091 ,I9l .021

244 295 1500 49,488 1.870 8.731 .40' .271 .584 09 099 970 * 0 5,0 .049 240 255 1000 94.444 20,410 2.130 t.401 .90 .000 .807 .000 .007 .058 .020
244 251 2900 400.00 87,749 4.910 1,70' .121 .103 .107 .082 .001 ,944 .031 291 291 2000 20,230 .10 1.795 .000 .108 .090 .110 .020 .010 .011 .0

244 258 88,990 17.7010 4 I..O .54 .079 ,110 .107 .013 *01 .911 .191 201 298 80.090 88.080 4.730 1.883 .900 .103 .111 0 1 .089 03 .029 .920

244 298 000 39.411 1.004 8.778 0.214 .401 .119 .180 .003 .019 .097 ,os .09 240 29 00 1,120 88.808 0,252 2.200 .842 .004 .800 .810 .005 .182 .090

244 258 000 90.090 0,709 8.031 .10 .401 100 1 0 ,i * 0140 .039 .00 .070 249 298 0000 00,000 1.900 2.290 0.070 .17 ,21 .119 .179 .907 ,140 .030
344 298 2500 00.050 80.079 3.879 1.112 .470 .842 ,098 .841 .039 .030 .022 24 91 90 1 8500 110 82,049 3.827 3.11, 002 , 201 . 885,0 .01 .060 .128 .008
244 258 000 00,000 10.01 4,831 1.470 .400 .891 0 0 .008 .44 040 .000 .090 0409 2 000 890 92.I07 3.209 .072 .211 .21 ,111 .079 .000 .038 .000
244 258 2200 70. 707 28.008 1071 0.72 .1 5 .109 .?o ,90 .240 .050 .112I .002 241 298 2200 10.009 23,480 2.049 1.202 ,77a .417 .237 .040 .001 .080 .000

234 257 00.319 80,202 8.088 0.070 .907 .0 .141 .070 .087 .030 .030 249 258 9,9.02 13.803 2.109 1.200 .409 .229 .030 .092 ,e03 .090 .030

244 257 100 1.202 97,180 4.02 1.924 .479 .112 .000 .0+ 04 .4 .020 .0202028 00 7.11241 .0 .0 44 .0 .8 02 .0 08 .0
204 257 110 1 0.3,02 10.930 3.000 1.200 ,371 .18 .090 .000 .033 .002 .000 201 298 9000 39.410 24.823 8.900 1.138 .191 .048 .200 .010 .109 4 .28 .00
233 257 1103 00,800 0.799 2.007 .000 .220 ,15 .050 .040 .02* .023 .020 200 298 1190 42.220 10.940 1877 5.121 .010 .209 .190 .071 .009 0284 .038

204 9 2 35.1 1 ,0103 2.002 .822 .225 ,103 .084 ,072 .0 0 00 01 20 9 2 25.10 3,439 1.300 .472 .192 .197 .004 .9 .000 .030 .001

304 0 S1S 20.587 8.028 1.790 .000 .203 .219 .170 .074 .000 .040 .092 290 4 918 22.482 4,81 1.240 .129 .295 .0111 .182 .000 .054 .00 .058

214 0 8829 21.471 0.412 1.111 .004 .032 .300 .322 .140 .009 *080 .02 251 1139 20.300 4.01.*09 .709 .413 .078 ,037 ,100 .074 .094 .093
04 0 110 20.2 ,00 .1 14 .24 .0 . 0 .0 .028 1 0 50 4700 4,90 1•248 11 1 . .171 ,I,0 .00 .070 .10

38940 11 20.11,1 7,446 0.090 1.480 1.002 .* 30 .2 113 ,121 .227 .090 20)11 1 I 100 1,408 1.790 .744 .409 .00 .00 .1*40 .000 .900 .008
00 0 119 0.1 1,40 2.$0 90 .810 :3:3 ,232 .300 100 .500 009

11o Io I I" 1 '1 '#,4'3. 2.04 .144 .2/9 ,1os • 1 ' ,11*7 ,o ,1 ,11 S) I:..l IS14 ,1 ,4 0t 19 41 ,~ 16 ,1 II ,9

I0 01 1101 09.990 0 4 , 1 00 .829 .197 .21 .040 .10 .'81 .1:4

1 11 0 1.1 4,04 0,00 .000 .245 .27 200 .0,* '071 03 3 .0 200 32 00 10to 0 J 22 2 %.118 1.8 9 .70 4 .4 . , 92 .1- 0 00 .008 .31

220 0 2021 20,00 .028 , 100 .9 .39 4 ,181 .100 .0 .9 .079 020 225 00 020 27,04 10 1,811 .80 19 840 .1:2 004 .049 .4l .020

24 62 9 28.722 0,9111 2 .12 0 *944 142 .818 .0a0 .079J .499 274 19 .000 1 .109 .II4 ..17

224 11 901 20,200 ,812 0,271 .10I .22 1 .80 131 .09 ,o 1 .1 904 925 01 10 25,000 ),402 9.12 .19 .320 .090 .001 ,O1S .039 0170 ,1
14 1 0000 414 1 4,74 .499 .802 .002 029 171 020 .093 01. .2.0 305 1. 0089 11 8 4,9+5 1890 .078 .229 240 ,071 1210 052 .7 .321

24 11 000 22.014 ,824 140 978 040 13 147 097 090 01 .0 223 1 0 1050 21740 9.2S 0,449 .808 .07 10 07 000 , 0 .4, .040

224 II 209 1720 2.779 0,249 .920 .221 ,111 ,097 ,141 .804 .4 .004 201 II 2041 22.032 4,074 1*.0 .499 .1ll .842 .229 .808 .107 .000 .080
809 70 + 10 ,0.21 4.070 1,111 .08 .411 009 036 080 058 009 000 29 02 il 28.901 5,4o5 1,:00 17. .,113 .19 . 01 ..01 10 071 .:3

220 52 50 2.09 4070 8378 439 *1 1 .000 9 00 ,*0001 .11 220 02 00 ,90 4139 1,71 42 ,1 . .09 .07 .4 ,0S1 .II

829421 1000 22, 022 9,700 8,278 .400 ,117 .000 ,S2I ,111 .011 .002 .004 300 82 0000 23,010 0.400 1004 .099 .002 .082 .089 .f0 .007 .922 .000

224 00 8500 23.270 4,Oo, 8,020 901 ,120 ,035 ,01 .004 .010 .010 .000 201 52 I10 25.25 .9 2,840 1 .944 ,0 ,171 .022 .103 .007 .I0 .020 .0

11~~~~~.1 1: 2Q "31 72. : :

14 00 04 1341 0.002 ,10 .0 ,470 .009 190 .09 063 000 .030 209 50 2000 20.011 9910 2.222 0.170 00 19 .239 ,019 
.050 

.10 .,18

III 1 110 1:4272 11.219 982 792 .217 a008 .021 .000 .084 .080 .34 220 01 80 4010 . 9 2. 8 .093 9 . 24 .114 .1 .00 .042 028 000

04 0 800 28.029 0,I,10 0.878 .89 .23 000 049 .004 010 .002 .000 200 00 000 4.409 8.411 0400 .900 .803 00: .171 100 71 .038 .:32

224 00 0048 20.057 7.090 0.911 ,11 90 .79 .109 ,1 .001 .11 0 01 .900 201 59 1040 27.247 9,0041 09 , 009 .322 I 0 32 .88 .02 .003 11 .022 .078

224 10 0000 27.101 7.804 3,044 .940 .271 .024 ,117 .001 97 038 1 .000 221 28 1000 1.291 0,940 0.098 1,01 .1 .008 .041 0 I .090 .1 .40 .121

204 10 8101 27.900 0.093 0,70 .000 .094 .10 .834 .974 .059 .028 .554 205 00 0990 20.100 9.800 0,?1 .000 .202 .01 .010 .097 .007 0201 .022

14:14 ::+I .. ... ... .. . 1:1 .... .... .... ... .... .... ..o '.... ... .. ... .. .. .. .. .:.. .. ..

24 1 020 37. 7 ,98 1 2.1 .070 :.00 '71 0 1 .000 .0 4 01 .00 29 020 412 01 8 2.24 .904 .21. .080 .0,7 012 .0:. .04 .:32

]49 43 040 ,17 0.44 11 0 9 .2,9 ,117 337 ,1.6 .00 .038 290 7 00 20.997 8.086 2.29 940 
441: 

.::4 .299 32'1 1f 1 .0:9 .10

224 o7 2200 44.200 1999 2.920 .900 ,371 .042 .241 .092 .111 .087 .030 229 07 0200 *2801 9,874 8,997 .704 .401 .292 .240 .140 .074 .029 .098

224 11 290 00.800 51.121 2.820 0,408 9249 .927 .072 .002 .090 .084 ,141 229 10 940 30.211 7,000 2,070 .140 .202 .174 .84 *I,99 .0,.1 .40 .030
234 40 900 49.400 90.089 ,00 0.970 .001 .014 .273 .280 .158 .099 .040 220 31 900 20.263 0.240 0.891 .00 4,49 .I1 .222 .207 .014 .010 .022

230 50 091 04.0 2.730 100 .944 .400 .020 .,In .091 .090 .039 .001 221 50 199 92,90 2.220 1.29 ,499 .407 .9II .011 .021 .070 .099 .01
324 1O 2090 00.080 2.710 0,088 0,200 .704 .910 .300 .000 ,017 .079 .102 0 2 1 1240 20.107 7.900 2.220 0.220 1.080 8197) .050 .978 .340 .001 .118

233 19 49.180 9,029 3,901 0,202 .989 .990 .4 .190 .126 .000 .00 22 314 20.072 4.799 0.200 1.009 .522 .227 .272 .080 .0*7 .0 .000
224 19 011 19.01 7.440 0,789 0.0 .401 ,220 .280 .091 ,209 ,0 .00 229 1 50 0 40.001 7,941 2,0 .? 0 0 . 280 2051 .I0 621 .288 .800 .00 .0

32 02 1 20 07.080 4.000 .82 .907 078 .1 080 040 .032 .020 .153 289 02 939 1 .140 9,24 0.91, .01 2 .:00 000 .1:9 03 .03 01 , 00I0

220 82 01 10.310 4,730 0,402 .344 .042 .097 .054 .00, .059 .050 .030 21) 22 821 80.208 2,)10 0.222 .270 ,111 .077 .001 .041 *I2l .0,0 .113
289 721 14.00 4,800 .90 440 P71 .7 .032 .109 ,1 . 140 21 02 I 10.70 370 ,1,4 .1 ,1 00 .070 003 .09 .07 .40

224 73 990 14.082 9.400 0.909 .170 .004 .108 .800 .070 .010 .000 .041 22 1 1 9 2.20 9829 8,402 .920 ,214 .1 ]9 .00 0 19 .000 .9 .1
220 20 8445 23.044 0.780 0.790 .713 ,144 .000 090 .I0 .000 * 000 .0I0 421 02 1449 10.200 .1?00 .999 .990 .179 .054 .002 .010 .032 .000 .000

00 80 00 4 0 91 0 .1109 .2 .005 ,0 1 9 ..0, .050 .040 .130 1 94 21 2112 1: 1 1 1.1 11 ..1. 199 .00 ,171 009 .00 .090 .0.2

290 7 0 1 100 2.92 7.076 0.099 .000 0017 .109 .100 ,181 .099 ,110 .090 225 00 000 27.308 0.470 2,401 5.0 .992 .201 .82 .040 .05 .029 0
244 21 804 20.271 00,200 0.904 * 70 3149 .09 .092 .044 .020 *029 .000 241 70 0'4 29.32 0.720 2,109 0 4 .01 2 0901 .102 .,0) .00 ,0201 .010?0

440 21 211 0 4 0.014 .'19 48 201 ,37 .239 ,000 090 I0'0 201 0' 124 1'2 1 7 0 1 .10 . 4 : .8 . . . 3 4

244 21 0710 30.21 10,740 0.99
1

2
1  

.*
1  

1 5 .280 04 5 .099 .070 .018 .049 301 01 9 13170 03.000 10.879 0.211 8,000 .419 .080 .298 .80 .070 .090 .090
204 91 2220 40,008 00•1 ,703 2 . 0 1 0.20 4.99 0.037 81101 .10 ,053 .097 .89 2 12920 +i 40.910 10.007 9.177 9.900 0.804 8.007 8.047 .7 .907 .058 .012
240 70 30 1 0 1,0, 010 0.017 1.1940 .790 .00 .220$ 1 2 09011 .030 .028 245 28 305 22,000 1,930 2,017 1,011 .800 .471 .9 .349 .002 .010 .033

244 30 000 91.702 00.792 3.000 0.030 .918 ,294 .293 .229 .000 .070 .036 01 08 000 40.119 0,092 2.837 0.989 .520 .385 .400 .208 .000 .970 .036

244 88 1200 39.189 00.007 3,379 1.230 .04 ,111 .000 .203 .001 .004 .91 201 90 1800 20,98? 0.942 181• .000 ,271 .I0 .200 .24 .020 .077 .I0

244 70 0000 36,129 0.80 81 .001 9 .277 .009 .090 .04 .0 0 .9• 47 .90 249 39 1090 20.307 ,44 1.941 .00 4 00 .0109 .71 .9+00 .92 
.030 .009 .09 .071 .990 .940 .31

54, 0 24 ,, 4,. . .0 .... .. .....9 .. .. .... .., .,lO .. .. , 0 3419,,39 .... 22 ,8 .0 00 .0 00 .0 20 .9 99

:11Il :.1 18 ,1 ,1 ,:,1 ol I 0 11 el 11 *

04 ,,90 3..04 9.,994 1,, .11, .39. ,0 .20 .. ... .., .,,, .,,,20 20 90,, .. , .9.,. 0.,. .0 .20... 24 .0 .9 98 .0

4: ,11 ,112 0,1 ,:31 ,:11, :AII
540 30 000 09.97 .09 0,02 009 .08 92 13" .422 0401 .04:,93.0 2 5 01 000 29.244 30,00 ".7 .00 2 .2246 .0 08 .0 08 .2

244 2 1 0 240 I'90 ,1 01 .0411 .052 .292 200 . .4 .0n .91 ,4192 4 1 0 I .iii 0.40 
1'11 100 1'28 

.112 
1'90 1110 10' 4..1

114.. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 2 1:2 ':I11i. ... 411III ,I II ,11 ii I+ ,1 19 •1 III III • .4 ," 1 411 ; l::." ""'I ,I :11 • 11,~ ". I , 1



PACIFIC NORTHWEST SLAVE STATIONS

_q,9. 2 .4 .571 .728 a89 1.11 1.43 1.82 2.22 2.96 4.0 -M.. .1 .4 .aa .2 .- I 111 142 a8 2.22 2.91 4.

*40 29 1.75 1.171 1.12 .9 .7 .55 .45 .35 .25 A A 1.14 4.0 . 5 1. 75 1.171 1.12 .1 .7 .55 .45 .31 .25

44V 31 1288 24.744 4.534 1.813 .8 84 .a1 81 818 .2 08 .3183 9 8 88M, 1"'18 1.8811 .::87 .1 11 34 .8 11 88 .

4 18 211418 981 898 888 a .894:4.86911 ,8a .88 .4 414 311 18 41144 828 2811 .14 .11 .11 ,:4 81 .89 .8 .3 1

421 44 1287 N1.888 28 1.80 .7 .dn 12 .28 .81 .9 .18 .1141 24 28 3.18 9.38 1 3" .811 :.I4 1 .881 :.1:: :.111 ::1; .881 .:'3

3"1 44' 1358 25.988 8.181; 1.9 11 .01 .14 .8 88 .24 .18 .1 82 3 8 88, 1&613 3.188 1.18 21 .18 .11 .11 11 48 .11
488 5 89 4884 I 8.8 891 . 2 188 .808 .15" 84: ...,44 2411k 3.82 811 1.18 .1 1 1 .1311:: .814 .11 1 .8 .1848 8 148 1244 1. :71.2 .81 .8 a1 .18 .121 .8 81 88 8 1 81 28 1138 21':134' :741 . .11. .117 82 .4 88 .8

488 81 5 4.a2 28 1.8 44 1 341 .81 94 8 .110 .0:48 4:18,7,8 888 .1 1 : :84 .118 .114 ::,817 .7 84 .81 .
428 46 1846 41.64J8 6.218 1512 .427 .882 :138. 88 48 .4 .11 8843 8 11 182 .11 . .1211 .1 .11 2 ..1: ..,4 .18 .8

48 2 219 487 1 .384 1.o.1 .422 .8 ,111 .82 .88 .81 .88 ."848 4 88 8 8 91 3 1 4::H .1 .183 .8118 .888 .113 :.,1 .

(I 28 58888 8.88 2.28 1.91 .14 :81 11 .8 .2 12 .81 81148 2 11 18: 11,243 1.81.1 1.31 .1. 117 ,8 .8 , .172 .11 .41 .
42 58 181 99:.44 1:.. 1.21 4 52 .314 .18.81 82 .4 14 8043 1 11 1,18 848 88 31 .1 .2 81 1 82 .18 .842 8 811 1.44 817 .28 .11 85 18 82 82 81 .81 .8 34 58 81 3M.8 9.8 .8 48 .81 8: 88 .81 .8 84 .8

448 1 915 8,4 19.154. 8.24 .2 .218' .21 1 5 .828' .121 .01 .18 4338 14 8811 3484 1111 .311'3,3 11 .8 84 48 .8 81
43 48 2 58 8.1 o .38aI'I' 12' '11 '1 524 7 185 . I' 8 T 844 83:8 .:2: :43 11 1 41113 8 1 .4 ,-,4 14 818 .3 .14 .81 .18442 18 01 9.88 3.81 1249 440 .281 .18 .88 .88 .811 888 .118 44 11 118 28.,7 ,881 8.88 1:31% 831 ,82 , .814 .841 .38 .1. 8 .01144 9 12 00 9. .4 . 1 1 19 1 1 0 8 a . 4 4 3 . 3 8.011 .81182 443 :: 812 . 8 . 7 . 8 4 1 1 2 .11 .438 1 .8 8 11 .248 92 301 49.883 8.98 1.'8 .52 .4 11 :::1 :.4 .89 8 01 431 14 118 3814 4,972'.112: 487 ' 1 811' 2.:144 .8 43 88 .80 .
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APPALACHIAN SLAVE STATIONS
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APPALACHIAN MASTER STATION
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6.6 Tape and Film Stored in Office

The following listings of magnetic tape and 16 mm film
recordings collected during this project and stored in the office
are included for future reference. The identifying code reserves
the first two digits for the year, the following three digits for
the day from the beginning of the year, and the last four digits
for the hour of the day. Records from slave stations have an SS
preceding the code, while those from the master station have the
symbol MS.
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I
6.7 Power Spectral Density Plots and Film Recordings of

Typical Seismic Noise From Each Station

In this section are included, for each slave station
occupied, a film recording showing the response of each seismometer
to seismic noise typical of the station, a slave station PSD of
the noise recorded at a seismometer position for the period shown
on the film or a similarly characteristic time period, and the
corresponding master station PSD. Figures from slave stations on
the California profile are numbered from 6.7.1.1 to 6.7.1.9, those
on the Pacific Northwest profile from 6.7.2.1 to 6.7.2.7, and those
on the Appalachian profile from 6.7.3.1 to 6.7.3.8. Subletters a,
b, and c indicate the noise film, the slave station PSD plot, and
the master station PSD plot, respectively.
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6.8 Arrav Dimensions

The following diagrams show orientation, location, and
dimensions of each array for all stations included in the study.
Diagrams for the California stations are numbered from 6.8.1.1 to
6.8.1.10, those for the Pacific Northwest stations from 6.8.2.1 to
6.8.2.8, and those for the Appalachian stations from 6.8.3.1 to 6.8.3.9.
These data supplement the information in Section 3.2.1.
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6.9 Calibration Statistics

This section consists of a series of 10 figures in which
the readings and system noise readings, described in Section 3.2.2.2,
are plotted against the dates of recording on the three profiles.
Measurements of seismometer response to calibration signals are
shown through various stages of modification by data analysis equipment.
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6.10 Sample Length Tests

The five figures comprising this section show the degree
to which a 200-second sample represents an 800-second sample of seismic
noise. The power spectra data represented in the figures came frcm
an 800-second sample of seismic noise, its two 400-second halves, and
the first and last of its four 200,second quarters. The similarities
in the plots indicate that 200-second samples are fairly good approxi-
mations of longer samples of seismic noise, as stated in Section 4.1l13.
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6.ll Noise Source Direction Plots

Figures 6ol1l .through 6.lo31 are polar plots of noise
source direction against noise frequency, noise source azimuth vs
number of observations, and noise source azimuth vs. date of obser-
vations as discussed in Section 4.1,,3.2 for data from the Pacific
Northwest.

Figures 6.11.32 and 6.li,33 are linear plots of maximum phase
shift (absolute value in degrees) against frequency in cps, showing
range of values as discussed in Section 4.1o3.3.

Figures 6.11.34 through 6.i1.37 and plots of maximum and minimum
noise coherency against frequency in cps, supplementing the data
discussed in Section 11.2,
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6.12 Noise Amplitude Spectra

The detailed data in this section are derived spectra of
ground motion for each of the stations in the study, computed as
discussed in Section 4.1.2.2. Figures 6.12.1.1 through 6.12.1.10
are typical combined long and short-period amplitude spectra for
stations on the California profile, Figures 6.12.2.1 through 6.12.2.8
for stations on the Pacific Northwest profile, and Figures 6.12.3.1
through 6.12.3.9 for stations on the Appalachian profile.

Figures 6.12.4.l through 6.12.4.3 are small-scale machine plots
of average noise amplitudes against time in the 1.43, 0.89, and
0.571 cps bands, respectively, for consecutive 200-second samples
from all California stations. Figures 6.12.4.4 through 6.12.4.6
are plots of the same frequency bands for the Pacific Northwest
stations.

6-46



1000
Ili El Ell 4";lm: ;H

lilt]! l!:1I.IH 1 ,If I

414 1 1 f I l 111TU 1 1 1111 1-11 ii f .......
I lilt i

..........
i IVM 111 ;it Oll !!i 11 V I A

ILI 1: 1 i Ja. il ';!1 1!:; 1 1 1 !Tt ]!it I it E 'ifilth ll i 11 1 11
Al J, ill I tl i!-I if I i 111-ir! lilt.

ii;i till
filk

F

V
10

111111 ![it litlHill i I I] I' W i I I I. I I. I T I i: Ill
Hill 1111 115 1 fill I If I 11111: i: di i!l iii "I", _ij 0 1 ..... Hit Pil 141 4flillill il I i V I L ill

M101111141 o !lUi4i :f 1 it M11111 11 Ill, J R IT_4
M flill Hill 'M Ti

'44ff -11JI fill 1111
till 11111111iflivill 11 1 1-- V filii it ifllilk 1 141 1111 111 111, 114 ill it

_f Iff i!; 1IM 11111
I I it-! IV offiiii I it I;i !.,I N 11 k" I l t I'll hHUNIml I! Ill 1,

-H HIR I't 11111. 11 1.
ro

'Ili J' "i 11 it

i tit i 'I i I 'I ip 'i, 'i Jilit Jil44 jljill!ij j il
0 10 . 1 lilt 1 Il 111 1 P If

If f H! 0; l'! 1W I - it T! i1i
I fill ll 1 Pi- A !if "MINVIIIIIIIElif. - -71
! . , 1 1. .-M : ill, - I] if113iiiii 

1 L.41 11 1. 1 1:1111 -tli if t : i Ili iiLill Ili: 1 i .. i -111 11h It A Will

it 
1

.tj Ili:134 : - _41 ;4 -114. a

if
ffl: 14111 H111 fi i! lii li 1 1 Ill i U I JIM H ot .11N411 !it tit 5 tit 11101 Ill 11

it : -A- . I : i 0; - .. : :: . Ill

+ . lil 1;4 1 1 R !,, , - . l .. . 1 RI it li4l .1 11 "M 111 :114 1 1

111:1 Etii ill I.N P lf L1 : i "jill I -T I![! F: if, A1011 111111ME! itowl- 1- 411 -1itHIM 11111i'll 3.1 till ill 111 1

!111 Lid, .1 H IM

MM_
I

ftl4if !!Ii i :., 11 Ill 1_ i1i 1 1
J it ;1, !F

j if 

HT if

I I I I ,

f t fit

ra 1.0 41 1 1 t I If i
tM I'll I 11111:;I Ili tilt 11 1 1 1 1;) 111: W, - I I 111 T 11W r till I

4J Jim; I Ill,'!'! i I I I 11111111 It ]it !;U Kit fi;i !'I . I I I 1 !11111 1111
lit 10t 1414 ,,!i it i Ifil ill. I t 1 1; 1;, 4 11 dINVIVI ill 411 ; 1:111ili itlt I I IlM li't1i Ill iV 1 It' I; UTTI l::1 1:l
lfffflt 1,411-1 iii J h I Lif ;I[:; I ii I l I I i:i 1 R lilt oill I till Ili it W. Illi l1l I I likAIRM I if !llik

fillf. -1 i 111 'M 1, 11 Iff: 11111M R 1111i 1!: IF!

11,14 i 411,!i 411 1 HT I 1 1 111 1:11 ill 11144111 ih P: lil it I If ill 1

t Ca fl H! o iflii Ili; h!I IR III wIllildl 1i "T114:1 1 !fit II: 1; i1:1114M I I I

if

T T

iiii iifl H M1
0 .1 It Ili I I ill; l ii-I I I I I I I I It fill

aj 11 lj jifl 1 1 11111 lilt if Jill Iii t!tt

_H 1:11 ME ii a L

WITHIIIHIRIC: T : 1 
5: 

tit it 4

I] 1 1 ILI

ff 91 zF1 III. lilt" 11 1 1 1 1 1 FIT" ill Ift

I if 1111 lot
'I! ,V t -I. -HU1111 It I! i 1INTI 1 .4 1111 t k i!l! IM11014 I:

1111 til Mill Ill I
tj

0.01 

fill 111

1.0 Period in sec. 10*')

Figure 6.12.1.1



100
JIM iflflfl I fit p MMMill itt . I N lillmlaislu, w"!

, It

1111111111! 111 IM M-Mdl h 4 Mill, N
UJ.1 ki 1111 T 1 kx tl I W T1 H i IV!

'i I f vy HE R 111 11T.-MIMH311A I 1 11
W

IT ANTUR51 77*7 7LX !,F i, i M! I;! !I1II!WIW;l1T!! i Mt 1
41 f . i Id I f P I

1.19 1. .4 1 i! 111,4 111,141
,j 1 1

L .4
A. 1 WIT

11 1 R T 0 11; ., i 0 1 1 !!! I ;! 11 lil lull 1!
1 0 1 L I 111IM1111111 !;I::: Iflilll!T I; it!, i - 11,11 1 i I- I -- A !HI 114.. 1 w 1l; , U M IN

1. 1 Willf !Ili[; ; R I!M'fil! 1!tl W 1 HII 11111INI 1 1 1 . f f 11 1111 1 it 4-
ilil Iki Fig i. ;
MR1111 . IF -1, i-f lill k Jill 1,

If

HKIMS! Lit, H 14 T ill t M

01
!Ili H W !o 110 V; U h 1 " Mil M IT 1 111:11w Iafl 1 -1 H- I tu [.14 HIM 111741 d

V Trv
.H

J:
Ill 

I J a

HH Ile
1 ; l, : :

2 
-IT

tip v finRIQ it
it's 11

10. U 11

-i I'll, ! I , 1 Y " 
i.,! All:

U) ! - 114' E I". N irlt Ii: I .
Mv: M ININAMI !LAIA J: j Ili V

1; R'JI V. i!: Ill! l J A I i 1 i in WT. 1 j 4 i

14 w d in! Ili 1 11 0 1 R R 11 i v 14 l'S tl.' Irk - RM M 0 E M 1
M I I ion f I ,-I i p .4 :!.. 4 44 MI M IMB G SE 114, P!1iallPl ! I! Tli! I'

r4

.. ..... if
L

1.0 L KAMponulili irp! WWI 04

l N I!.: I'll IA Q ill! H I! it ili I I I I!!!! 11, 1 111411 41hii it tH 1 m i w I1q
4j I

t rk: ii;

M Rk it NO is Noll 901 11 RM!

w HE V . 1; 1:11; is W ! :1] I'ljtj i;:, i ji !;0 i0i !Y 114fil

tui: :41!:! Rq Y Aj.jf, ill! 7! ;:1 h Jul i lhi M v 1 f N I L 1 i M!"HIM :
11 1 1 : 1! ; i;

M TTK 1 w I U ism wn R R :11 d a I i
;t Ing VAX

:141, :%T!

0 ifi IfAIttIf "11 ;4!T fl:: i;IjU11j IF 1_4 M I

f 4 t I III IA ABU I:# W11" !,I! ji ;Ii: !'BT olfillfflUl'.1 If 1; IA6.9
H M I JIM EWE Lit A T 111 i H H H N An AND I H MUNIt W 1 H HE ilE id! i 1i fll 1, i;i

PF U 11 WMEMMUM M ii itilli h l I

Till 1 4! i i UN IAM , T 1 T
MUM MIN p fUfVR.U;,

t I I _411I v 9 MI ff::: Itl M W iiv
V HIM. Plilthmil.

F f 1 1; i i!!;

o o X 1 .0
Period in SEC 10*0

Figure 6.12.1.2



1000 
IT _F t -IT,11 I I. 1,171TRUtilif

Jill

HIM 11G ANOT 11i JOT :!it i i , I lilt

...............
I if W UIR Ill! R! i i1ii it I IiM lHil IHI Til it I, Uv' k i i I I I lilt wtf fill 1 i WIT I if,' I I- I I if 1! !!! lit

MIA 1 i Ii.; 4 lid! Illtit'-T WTI!! NJ

i illf 14it
,IT

100 1 1 1 It HIIIIii Niffli'll, M. i Wil 1! III,! ill f I A I I. JI Jill I 141IM11111111111 11 I-F -ii I'. Jilt I I

1A U .1 b 1 1111111 !lit R; ill - -1 1 '11-ill" it........ jllfiU !i If I i!!
Rl Fitt A-A I it[[ 171-:111

Rf i N 14 t

1,111 4- If 74 1 41 If 11 fl MINIM ' ii :Iji I 4.X
IIA ti i, if 111 it f 4.14 ij it Vil-tt"t t t V.! I ii t I I

:4 ....... ill Ill i: flR14I 4 91.1 H I Jill m!1mg.: i, __J4_w RAI 1111-1

...... fill, I E V 1 , m; it]

Jill jlfil
ro I - .. I: HIM M m I i itT 4 - I 1 1111 i I 1 1 1 i , , - -f- -f- 1 P 4,11311M il! f 1 1. 5 R i

T it 1, 1;! 4-1- + t
1 T: M(Tj

f Tj III lit I 111 fill I I I I
I i I! -- I . ti44 10 Ill M.IiJ 1., 11. Tin I I ! A Fit,

0 1 i .1 ill 4711_1 ri!1 1ill JENt 1 F ........... .......... ...... .... ..lll 114 lit .._ Fitt! Iffilill, it fl '-F !I Ill; Q1 Fi I HjU _%A H '141fitilk " i . I . HiliCTWIL
Oli I !ANI 1! 1 444 J Illillfflilliffi ll-ii 44-: ifflu flil I

:tljri j1jiffli 1 1414 j i 1111111 OR IT04 V Ill If It If itil 1. 1 itlill! if
411113 i 4

It4 T t M-4 1111fifili it IM tillQ) i I _-r.TT 7 TMT AM P-1 ill it I'1L -1 - F Jff Wf M III.' I Ii I! if it 111111 I'll] W till HI !R1111111il! 44T HL .1-A., if 141TURIM 413fll 131!1:14'1111rl t -4 1: 11 L
1.17441 1 ill It! I MP-ill 11!1 11-1. rt -1 HI 111illIft ll;!! -1 IM 33 1 i M IT 11 Il 1 1

.1 IT'! 1, !:!If 1,qp I ifa 11
T11:11 Mr 1 Hli-

T 1 1: till I 1 t 41 ffI-r : 0 lit': 1,
R 1 ildrc$ AA I H I4IHlLllV;:, j!JJjmj flit Jill 1110i I I 11 W ill Ill ,

hlFt IM Jill lilt lit -1 Ili H11 "ITA 1; 1 It1w A dilli'll 1;
F- -A ., 11 IT I if 41i:i till I III "Iffilifitill Mi 12 pit I HI

4.1 A illif"IN'll; .1 faw l !,
hiltiMill iii 1 L ii:1 A W I! f IM N till it if 414411.11fill A: 141 Al I I it I I k14 MIM

-A A I mitill .. 1 it ! MUTH j 'I!' ifil !j I j ijillf: NI! I Mill Milll![ H111 IS -1 1 11 1!! 111111;
-4 1 1 . i i H ill 111illn,

!it :I I04 R , V IENT ;NT;1lII;i . iftlir i 1 IM P11 T I f A I H3!11!T:T

Bit flPT1,11
1hi :!I IIIIII: It; l":: 4.

V I!; i Wii d i!A::1 113't VA:; !31i 711, 1 t

i M'1.1 it I ii 1,t I ii I it Illi l;
-t: MI 11

1, Y i

It
A

it f if 11-!;T:I0 . lit

I Y f-I w I Jilt 1 M ti; lilt fit; U11 tiiff I I I I I I I H I I ill! !it! lijiliflifflim ill Al I 1 1

fi,211113 I I f i 41 Ill

LLT fl i1i; 14114 it
Iff 1914

Um , I CH 11 1w W
I F

111111111 M1111212 I 1 1111 Hii Ilk I i1i I; If MEN

111 HOT ItiAlf Shm. '!t 1 11 H 14 i
t_*1 M j I I _Mm w

0 C

1.0 Period in sec.10*0

Figure 6.12.1.3



1000 !IV minimmml Ff T I I I I fl t MIRIIII NU-H
IJ I fit W !! ilil ;,:ll I'll: !till W W HII ji

[lUH-kkU- If -H
l1llilIll:;: if liff M I I I 1* -4

U I i I,, i-111111111il i! 1 11 i I j i 1,ii i'! 41-4 1 i ti

fill 1 11:1 't I

li;i Ike !illi!ll Bill
11- Ilil fill

17 dw I I It; ;if F-t I I K lilli0i 11.11

114 It MA N i1fil
4 L I

It
1 11U 1i i I MI; I it ! T I ;I

l i. I

1111 11111 fill V il it
100

-. 1 11 111 t it 11 NIIIIIINIA] I if I With 4 Ill I;i Ill 1 1 1 1 1 1 i 1 1 11 11 1 11 '4'111 I'll:') [it lit -,it If Ifri4i I] ill !I III If
11111 lit :it Pli !i -1 4 Ili 1111111 1 111141 Iff, 1

IM -M I IfIRMUTY11RUM i Ill lit 4410 ill UN ifit
d IT M1 illiflI444ft 11!ifl I. A-11 -1 1

A: 1101,11111. fifil f i i IN I it T -1-11:1rU r "lit 111
1. R'l q- -F Ht 11111 It I lit 11

.. I Ill !lit till I I Hill Ili I T l if I j;i
4-j
ro t I

I V-14 I] ill T lf mMillit ill ti
rC1 lilt

................

44 it, WI I I '41ifftil f'! III i 11 I'M Mill lit 1 1

0 fljflfl WIN 4:14; 1111VIIII
1;1 1 IW 11, Pi 111i 1 i I IT1,Mi III i- .'I f 1 R..6 ,1 1 1 ! t If 1 ill it ill I.

124 7!::j;T; 11:1 jjzl i .1 1 t l1,vV -7T1Rj ill l i 1: 1 Fj till Ti i:i .-f- M ID R I:.- IN .. If 114 1 . i I 1 4 H i I I, 'M 11111414
U

lit ;it
1,4 : 11 it I ti"Eli W Jj!ji I!i

TTTTT

1 1! It, L !J11 i.. 1;11 NOR TT.It
04

I i Ili; 1 11 1 : 1 1 1 Hit. I ill

1 It 1!N 1 L;1111""111!: I lit! III; ifit; 1;
it, I;

1 -OC if FTT ffq!
ro l'il 1 1 A] N ! It!, 1 Ili I I !I l;I I 1 11 Ill ;;1 1, !:1 1 -1 i I 1 1 1 tilt;! Will if .

K I; t i

41 1 1 i 11 H;1i Of; 1; 1ff; 14p 
; tl"' 1

H
ill

It 
It :1

till Ilj :11 i

M

pl, !Ir: i I it

4, 1
I

A

, ki;0 .1 I, Ili- !!, it

I ITY; I I I I i I
M wi H fif "HW!Ii !Iii 1i 17lih 111111 EX3 1 H :111191H fl W 1111 RIFT..

: i ILI Ili! v 1 : j j ill, :;
I j I'l f L till till

I if If 1111!4*%Tl:

Illillt-, I W.

ill' it $1 a '; :it;

I t
tI M : I Iv, :1,

!f 4' +

0-01-

Period i n sec. lo.o

Figure 6.12.1.4



.... .....

TjT

4L

0) rh I'

4 1111 N I fi I! II W "14 A If.I

0.0:Vl
,j PeriodE 4n 1ec ic 1 0 11 4 l 0,1,

F 1gur 6.121.5MI



1000 IM
I I I it. Will

it Ili[ if 1114 -N
T

H 111 Itill 110 !il; Ill, till 113RH 1111 IN 11 1 t Hf i !R

-44 4i i, f !lit I I I I I I 11!
1 1 i I it fill
i i I if 1

FT .1
Ell lit0 hi !1,, 4

it

100 
it

t- I t, I t l t L J. I I I tHAIM IR1111 I I I lit', 1 1 l' t I I f_ I t I i t I Ii 11 i; ill t I I IV 11 ItIfill i 4fl I I 1 1*
J!I P111114 11 P UP N;

JJAHI I I It I HIIII - - 1111 dil 4-44 it Ii

4 IIA LA-H.H.W till ETUIRMUM .11 till I:i ;it A I I I ; "11 44f I Ill Ell III :,.I I I tf j Ill I

-1 fffff I ritill- 111 1111W R I Of HH! III d I T-A 1 .. I! if W1111IT I 1 1111 If Im 11111 1 If It, '14
1111,1111,11 Ili 111111111H H11111111111 it H fl ! 11 W Ili; -f+1 4 M ifili till 11 It 11 *1 IM

11 1 :dl itill t 
H Ili 1.MI U 11 Ill, m11 Pill

4-) t.alff 14 itDID i a
it kliill IM I I N ill It: 4-114 11

;!1 4 1-
"I] I ;lit till 

41

M I

ra ;it
It t

014-4 

fit
10 1 it 11 it

WIF; ; Ii I Mitt' : 'i AW11!i f i I Hit "I i L .1 ll ill N
III' Tt if! I ill. ILH U

"At T I H Ilk it !I tiI.11,11 !11:, 11111 111l".. 7 i i i it if:, :!!I Ill fill fill H - 111 Hr 111 11 1-1

Ill Ili!: 4 111 i I I 1 11: lit! t1l lit, Ill I ip

I Ut Ili till iiii, _it;! Q! lill! 1111: It

04
;ill 1, t lit I I I I I ....................... if IV14

vvrf IzI, Wall

z TO 111111111 11,41-HO

M till it Lq 1-_!!!1 t31 4 1
+ -4.

444 

I j

T1 
11h

to 
I ill

0 L; I 1 4 H IJI 
11ili'l till I

4J !I! IIH HL TIT ) MT 1,
tx tih RU t!;t i:0 1 .i Ili] Ili, i!fl MR; I i I f1111 1; ij lit; ff ; i J'j ij!I-4 4 34 11111 fill ;I!; f;t iiii Ill IIII if I I I I I I I f I

Q4 I it I till 111 !;I T fit; lili lill I if 1 1 i- it I iti! I, ii
1 If!!!i Ill: ;1il ili 111 --1- 4t 

tR T"i 
'if

IT, It! .!.7 A 
IN

IT fit! .114 :i
I;ii t 1 1, 1 t t f M It R, I; i I I

0.1 

7

_TV 11HIP111 Plitt 14 ill! Wi 11;: -12 if! 11 11111 it -i lit

j WTIU ill, :Pit :! JI I H Ill I E IH III I ItHl It if it jAmm I i it! i+ i .

.11 iRf Ill Ili i I IlL, ;I 1 j !ill 11 If IN Ill i M3 I

-1 ITM : H I fill T I t ill f I I;
ff "M it'll IVAli il-TOTH: lit fl,111= 11111114, 1:

-11 i , 11 TWRt 4 fill PIN 1N 11A till, 111i;" I I i AU

11 1411-14 1 1, fill Ili M I 1111VEMt H-1 4 if!. film it I I I

itm di I ill! ii M ff lilluill

0.02 1lit t

Period in sec. 10.0

Figure 6.12.1. 6



1000
1 !11 IT "_ 1 1 1 111 It I filliflill I till V If I I I I I I I I If I I at I 111i I; fl 11111111 1 1 1 1 1 1 !+111 if I 14i

till ' 'if IM F i, I;

fill ... I 
R l.

t 3 rJT
I 1' 1 11 4 if, I

TT

if

'14 If iff4 f

10 0" I Ifif Ti. ild:iAil
I I I A till 111U.;I 11 fit;. ill4iftliNi. W till I'd ::T* 1-1 1 !fit 11,11111 iti

I'll IT dll il !l 11 :1111.11IT I if I ftE A !I,! llill I fit i 3.1
'It !ill 11, N L -1 1 11 j fil I Ill H

41N !i j likit I I I 1 -11! 1 I 11:1 :!1 11 1111IM11 ij T! 111. ,L 11i I
!if 1! 11 1 1 4 1Pli !'!1 11 1 1 1- 1 i I I 1 5, If

pT !!!I
't l-T; 

LEI; gtl
Of I i i! Ill! I N L fill

Ni, J ll i I; !i -1: 41: IR .1 1111 111111 ill .4-) q ! !:I
-it ifI if4 ,

I'

ru
rX T1

110.
0.

44 I I flit I P

0 :1 ; Tj I M III il:, I i IH, Ill If if!: 1
I .:!il il 1 !fit !!, 1:1 11-1 L FA-1 1 ill I ill W V it

J4 M I-fli 11101A i I, I!tTll 1114.1,; t I I 1 1! V T 1 1: 1#11111 it 4911fill fli,

M .-RM11.11001 ill, VJ ji; t 1:,
JRT i w jU,

"RN P i 7] 141tit I Ii I- I I1 1 R1 1 44 ; 1! 11
. ..... ..... -i

t
il! 1T 1 flil!l

If
TH -l

I.J 1171 :;l I I I it fl+ if;

rg
4, 1

7,

ti Ill t 1 1!11
'It ;i;l f i I I I 11 :;i V - I M IT W[ f;M If [fit IiNWI M!'i

ro !itf !:Ii I. I!!
:1 . I I !!!! I III, fill it! iM

Pt! IT:1: I ; , t i
lilt IT !1:1 1 11:14FIT: T

RH IMINIM if ;Ili '1i I lit ill 1

I I iffillit H T T1 ll :: !!ii :11l I i I V

®r
U) 1, Ill fill 't;i Ili

ifi rr i:!; III Ifl I A t: 1: 1
ji 1!111

T, #I 4tI 1 -1 R 41 Ili it H

0 I 'I t T !!:fl, 1 i 1 1 1 i I I I I . tifft i1i if
jjj fill, fill r. J! f I;;! If,, lj; I if 1 1 1 11 f N ;E T;NT I till 141144 ji a I I It -tlillf till milit i I

I 1-f :lf i ifl [it T; ;!4 Ill, 17' 1 1 H H If i 1 ill 11il 1 A I I I I ; N If Ti N

1 Ali I; ii ill !jj; :It jiI ; 111jill Ill 111; ill 41- 1M

I T11, - 4:41 1, A I

W ! Affil. Ilif n; 41i lifl l' G i !; ;;IA

A M M1 IM 1 V a i!;l T:
it 1: 4:

I 1-M I'M I I i it it III I Wrii Will 1 1111 :INJ l:i w

f I h . -IM All

it 4 X t4l 144 , 4-VOLUT,

0.0
1.o Period in sec.10.0

Figure 6.12.1.7



1000 1 1 1 t T I I 11HIIIIII-l'.11 ! III litutitt Ill III till 1 1 t
I t I . I'll [:!I :IiA llilitill I

F1tit 1,i: fill !;I! I ......

Id 
It i iiiiiiii 1111111111=17

fffff
NI Alf -- -M I ff 41 11

llc :! If
flit TIM il; I I

ij! ill 
I I i !I H 41lih 1

;i ;Idl if ie 1imit i 'lli, l i t
liti i;lb, 4 '1 1-1:1111iJO Iit if

tF i 
it

tht It M ill lim1-M , I lit100 11HIIIIII IlMl 11111111U. Ill i, T!, lHOW Ili 1 lilflf-.1111! 11 If fill 1 ,14 111 * H I JIM
1 A 1 1 V; 11M 1h;! fit 11 .1 1 1-1111H lilt 1 WIN- IIIIig I'll 1 R H

I ! HL 1 1 1111 ii
111 MINH I ITH

4 .... .........

ii l 
it

14111 it -M -R T

71 1 Ill MIMI NMI! ill"' 11114--4-J
151

r6 t Hit," til 4

41 li
if

10
4-4 H I ii!l HE4,;E -4 1: fill ;I'! i4l Ili TA 11 fill -11plit w wivill I 1, 11- Ili U1111- 1#' 4

IN 1"E'lN 9 11 MA, 1: 1 it dli li l6iffilluffill 1:1

04
Iftillifli U-1 -1 lit Tiffifflilifli .i 7 If t14 ,

iF 1--rill "fill! 1,!J !!,I i I; if Ifl! l;:l :!E;i -1 1:11 It NQ4 I Ilil ill. 11:1 111. 11! 111

J ti! i! if !if 1, 
1

D If . . ....

04 11NIM it fill !1 11 lilt 1' If 11:i It! 1114111t1liVIT111 ;ti -1,111-in t 4
I i!il H 1111111 t1lilfilliAi

till It M iiIjIIII1i!TI !,I:!

1 V411 a-
+

I 11TR III ij [1

VI ir !3 ;, " h il: - r! .. -1 1 1 11 ; 1
If 1III, ti,tu

lilt IijMi It 11 111M I It, :W J;; ill '111 fill ITIIIII it il.11*41!1 -11 1"1 1 1 If I I fill I [it WHAE141tilitTj
ro -W; WMIt lilt fit I fill E; Z - I I I I L I I F -ITHI 11114 Iffifli a,
4j 111 i J1 Hifil:11i U:H i'! I'll ill 'I I;iilll;l lilt iflGII.... ill (JUll i4l V; I I I I Ill j ill I fill Hill

1fiflit I INC. If it it 1) 1 11! [T11 III:,iIiIIT4' 1111111, 11111;i 1W 11 .l 11' 1 11! [11!1 Hill IA
04 Tit! 'It lilt MIN HAV-1 ll

1 H 1
11 U IfMlii ii.;! i H I I I Fill, i , 14111H11111411 11:11

U) i I I 114h 1H, 1-:4
HIM I Ir 1111-111111!lUli'l I t ill,; -H hill iill ItWl: li ill il; W;+ if

ri f tlit it ;:Tljt l" -I it "Ir

0.1 
t -Mll

1111lU l'i I !lit ;fit Ili

ht

ff t I fit it lil 11 i Fill

114
11, Hit

t 4 IBM
UJI M IN IM UM 11 11 34 !M", 1111111flillh 'I

4 1 !Ill I!
:4 * "1111TI!i 

It

7 U 14 - it: I i l!"U' l
4

7
C6 0 0 0

Period in sec. 10'

Figure 6.12-1.8



100100
1:11 -H- 111 1- I d

t-7 LI , Will 111'Nll it fill!

if4j TJ -1!

4j:r t t, P1.

10 ,00 
Jill ;j

tim)-iI I if il fi! i Y-11 I I 1 1 i 1 1;4ij

1 1 1! [1111L 1 All 1 j fill 1 6 It Mill, 1! 11 4 11

P! l I IMMI 11 I pq

t lit ft

1 it !:i 
t

-p Ii4 if U 4 1 4T, 1 Ili 11111 :it

........ ...
rd I ±W! t L I 11! ;1 vil 111fli fl,

1!il if;

ro

to

pq

L 4 t
IT I I it

11001 1

En

04 At 11:11 If Ni 1 1 1 1 111111 1; ;ill I! ifli Iiii liT!:; 1 11] 1- A t !Ili I d i tit LIMITPI i!

lit 4 U Ft1 14

4
124 14&Al

Iti 1111 i Hit i!

it

i i4. jJ4 :71 7

0
ra 10 tI Hit 0" !oH, ;1i ,

4J 'HI i1TTI "I": L.

t r6f 1 
1T

it 1;j

mt: A I "it;! jrT; i V i4U1
1 fjx H I'

It I OT T: I I It i v !'7 ll:k

I lit

It T! Ii,

L 

Ll

10 I ,4'4,

;4;t Ill IN,: ;4.:

1 -1 il; P -Ea i ;I: i;I 1 4
f , 4-H I tit! f!r.i.lIjjljI I 4r.! i 1 11 TI :Ill lit I Ili 1H Ili !!! T i 1 i 11411P I i:i ilb, ifl: ;I Ii

l! I':! itj I

11 % lit !,I

fill ii I

111, 1iJ C; i id U i i

HIM . IT i : 1h; i:;: ilo !I 'it !lii :!! i , M; .I ii i pit

t, i i 1 :1141 1141

MINIM* Tl-$V 1,
it

1.0
'*()Period in sec. 10-0

Figure 6.12.2.1



1000

W I, -H i t l
ji _f

1. Hl- 1111 1 -H I I I I i I idil: I
t j ...... I : I - p I i I .

41-
a _t If I

100 H P l. I I I I liffill T I :Ftf i.19fli Milli! 1WHI411F
if t H II [.W ill [[Ill fill

411101,11 j W TIT T1 4411111111 W E
I-11 I!fI-V Ili NE I I JT _4 1 _11 11111m :

W T_ 11111 ill I i 1! M 11110 -.:-p - :A , o f,

4J :Il! 44j: 04 4i 06 4 tIm- V" I

I ................ 4 IF :U I R iTHIM AIR11MO _--ili 141IN fitlilt 4 1 A i--L! -A -1 -11 1 if I'llAi 1111Ifill 1 .11if iiij!J 1 11, 001 Hit I fiff I
ill li 1 f -p -.1$ -1 jig

ili'll; 

If I 
I 

-I--

IRrI1111111i, It Il 1111 it ttill NI

FT

w

04 11 11 111 111W W illi] [lilt I]- liall!
ILI r I M T tt

fit ill ]if "llhii. fli
i

4 = " V - ill IiIIIIii !M1,11-MIMIN IffidEil 41- 11' 141-11141, Ill, Milt I fil R"441 TVISWUM

P4 "I V V Mt 1i R if Ili
P ; fill If..

11 I_. it I :Ili! ii ill Im Ill, kil Ili, idli H... -E lff Rt Niffil
I I! !Ili 4 1 11 11 lillil _0 1plill H1111111;:

Ell . i-I Ill i 11111114 A
:.z._r T-7.1 17 .......

p.. 14 dii, It T
it If it

1 91N. I

lk I t1ti 3

r-I 11. 1 1 tH Ill it 11VU I N! 11 1111111111il I i i Al I 11 ill 'i 111 11 Ill: M IRA% I I 11 1 f +1 1 Ili I t I I
11 Vili..411, triffiltill, 1 i:I ill it!! TV f 11"iA lit I t I I 1114 FIT A 1 4 1 : i 'l

i I RAJ f IR IV 1IIIIIIIN 1 1 lihil I; 1111111 rFT

...........

1!! 4 ri I IT 4 IjiMMITI H
Tf

R H VIIIIIIld if il iMil lill ITH! it!

J411

Z:T itItHl 11111' 1111111'
I J 111;il I RI!

0-1 ft
t-t-TIVIVIIIHIff III ti,4 1111H Hit lilt ;!l ill 1111 fill I ffil 111111H 11-1 L K I4 1,_ " I ': Ill-1 .1 11 t I liatill I 1 1111 fli I _10 ME] T Hill U.,1 1 1111 lill Ill: fill If

I if -f. I I it! il "ANINNISH i I I 141i 1 All Iii'li 111 1111 Ill Hi Dal -j- -1

1 lit it mil ic, III

44 IV;

"7 _.M
fl! 1, .14

MA,

lit
m ill T 1.

0 -01 U 1, , .4
1 *0 Period in sell -0

Figure 6.12.2.2



100
-4 I I i I I ITH I l I ii!ll- I i I I I I I IWIMI; WITT I T I I 1 1 1 11 if ifff itt,

I 'lilt!

11 11UTT 111114:11 till' 1111111

if I IH 1 1 !W!"i; I'li lilt

if 11-1 EM I I M et, I ilil-41 14 1 1

111 Il it II i I
if !:;fl 1 till W1 411117 FI TTI-1 .,I,1[ j!"

T
T

11 
J

w I

10 11 ...... ....... J!", INMAIII 1 1 1 111] 11 T :lit I I I it MIt V1111 _X 4 M141
I I 11.1111 Fli IIIJU, 14IIIIEv! IM11A.11. I I 1 11 11 i I Ill 1 Lli Ill 111 _T 1- Ifllflff

L! f Uff i1flildif I I it
HT

.1-111 itill if 11 fliC j I'd if il i HIRE I H

.j -11, -if it I In 11111111 w T

F ISH lit _ i: I......... ...... ......... I 1 1 1 1 A -1 11 1i
L Lr111-i 1 [111:1111 it dilm ll ;I,,.

rd ij] ... 11 1; 1it
It I. I !!it ! p

iIIIj4,i ji 1-1111111 lilt I d 11 '1
T I T i I

to
MMI tir 4#111111131-1h 14

44 in lilt W, T: 11 iAl [I
I I I I i 0 MA 71! 1 11 :J Ilt 4 11 1. J I I I . 119ii -11111111

0 - . . . ll . I . I t I

rT -4-L T.". M fit UU1i i 1 11 R :1 .
U) W11 fl ; N - I I r r 1 1.1 it V Ili il, U Ili IlliVil

fj_ 
jj,

All 411 1 .1 . it ill tfii iliTift-i It. j ill: lilt- ATT
.1

4 li,1111111113 i 1! --- I
filt"illIll 111111il N IT fli 1 11 VA: fl, 1:11 111 111 HI iflIN'Till mtly-f T- f it!

04 1911"' 1 till ii ii! I I fil Ill ED T H!,
lit 11 1 Ilia.; i: I lit ,i

I l: Ili !Ili

F A 111 11111! 1,I! ill"All; I i;i Ill; [I M !;
Al:

3 Jll 1;141- Mtll mil 1 111111 iii 111
it if

4 I tl tt k 1.4i

-2 1', 1 [1 I,

rd :11 !Ill !If i'l 1 1111 li Ilti, :Ili I It 13 1111i 10 11 1 1. 1
_4 T-1 1 11 ; I 111ULEtIMANIIIA IM 'El: l; I I I I ;.iiii:! lil; lit Ull it ::I1 Ull H.; 1, 1 Iff1llIIjj:: I if IllifliIIIIIIIEVI,

4-) F I 111 :01 i IltiNii l1q.11 i I i I, !It lifl ill J :111 RR iiii If 1 411 I:li Ni iff i 11 ill Ill R 11:14111MR41i;;
1_1 flilf H41 111111114411 HIMil iiii i I I 11 1 1 lilt H 11H Ill", I at

fit _A H iiii q fill 111111111'14-11 Ill Ilij ITI il" 1
114 M 11111111;111 1;! 11 11 1 1 1 i 1 11" 11111111 ";; 11111" IT 1 11. H-1-1114 I i IS U 1 IR i

1 1 fU livill .I: I I I 3, W 13 1 1 1, 1 1 i fill i it! I N !if I I I i I HVIii I,.! T

-H kv I '111.! 11:11 fill if 1 11 !ill j!q i:
U) I !;if 1 111,11111 'h"I'l Ill it 11- 1 lit. H lii I I

!, t; :I., ji! i: :1,

P IMPI 4 Hit 11,
I t Tf

0.1 t-t I 1 1*1 1 Of lififlM9 KPi., .111.11 lilt JMHT Ili fill If Wi JEM Ill[-
F-I I I I-M I q4till ll I I 1 i114 4f!j ;if, 1 1 Ili Ill I till MU
T__Tf1_f:H._9t 'DIDIDI ILI UJIM ItEll I if 11H If 1111

_M 1 :N- .At 7777 ifil V iflli 1111111114IF19 I H;! till! lit 11I I t IN

M flm .11. 1 -VE4111
*ff En t It IllittV :ill fill Will I ill

1.flff I M k filth

It

47 4 lit 11 111

4f4 !01

0-01

"0 Period in sec.10 0

Figure 6.12.2.3



10,0000

I il0t 1 -

U22

Stt

04A T

U-0 II I it

: Ii

0.1s j. 110.0.

Perio in sec.

Fiue61T.



101000
:It; l!lIN;1Fll1II;dWI I 1 11, wi II! If! fill, I I

I if Nil Ii ;It, ih!"T" 1 ]OP ;:I I I) TI 1; t I till

H ill iIIII'll It ........

IT
It'll I!!, " !i ::! i i 1 111 !,1; it 11K II 11 1 1111 ill fill M I

till
ff 11 1. ill 11, ll- l it

-tv

4-t hT !Ii flit

T
till 11, -14 1

till
Ll

it

1*000 i i 1 Ll 1 1 D Ill I INT. I Mill I:!!JI, it. l, Ili,, il 1 1 1 111: 1 I114i; 3 1111111illItUAll
lit H t 11111i I lilill! I I:!, li"! ill I i Ttlill: I'lifl It I i 11 1. If V 1.1, tit ill I

'4 - w: I A t 11 IL! Iff -I
-i- v l rm I 111 ill 14 1114- !it !!fit Jill ill 1 -1 1 1 H: itil I it IMIll I ff it

I if i .I .-j -I
f1i lm 1 41

fl i i ll H I ill! INI It 1-1111111 if 111 OTIll ;,I
14 !I lx , It! 1 1

4.) i 1 i I. I':' T I I I I it
rU 4 ........... YHJ IT-11

IT,
m ,, hh,

p il 
11,

44 Jill
0 100

lliI 0. ill A i 11 !lit.
1 T. I til] 1 1: [1

E 1111 if i 1 1 1! !'1 It it I I I

a4 -14 .1 4 r I I IN- i I IT ill fill iii ill It:: ITHTIIN" L411111 4
I. I;.Ri 

R I,iv I Hill - - -1 t H t
lit it

w 
ji-iii

T fliffu lit

I I IM M W 1ftift If 1 9.14 Rl THtj IT lit !it .F.
U flili!"

'T I w 11 1
it
i" :,:I T i 1 1 , 

I.: 
. lit I

ro 
t I

:3 1090 111 1 H I IMILI5 :,If[! Nill'ill 1:1 i 'I; J . 1 11 R1 i;;Ulil '11, :.;1 ;i :1111; 1 l, 1:; 1 1 1 1 1 111 hit JU 1. 1 1 RIA113

TTIII'l ;!ifiiI7I'.:1i ;Ii Vii RWI I I I I I i fill! fill[ M! tilt It,
jllq! r -I I . t N

M illi flHiMlini It i I I :I: lil.! if

il I t It. tilt 1;: E l 1;t! IN 1 1 I I i 1:, it i illiL .1 illi:., : l'

;1,1 Jjl flit04 V till flW

1!:T 1!! 1 1 If 'I; !i 'It lit I-P Ili f tit

En i I tilt i jA i I i-i I;? it wl
dJ

ifE li il iii I: . :Ii'Iff"Niii fill fit !fIE1, 1!;E:
4411; ;Jr

litlit Mirt
1 .0 A I. I-Ir I - 11 flit 1111 -111 Iiii! 1411ti: F:: I i ;;:t !Ii ;171 IT,: !111111 fill 11 It I i I I I JtiJJ4 f flit IHIF;tIdl; lil

ill-flill 1 1: Ill';
Ill tl I:, ! ;7 '11' ii;i ift v it i iiiii :it W IR illfillil Hli 4111141.1 11fii !:11

I I Ifft. Ili: till till lit N:Itti: !"TI: 1! 1 !It; 1!11 ift ffi i!:21,
f, : lit I 'I

W it Milli I i I tIM mill I f 4
it

Iffifflif !3lill : Ill ifillil, ill, 11 it, 1 It !A Ili 1 1 !1; it 4 It
-1 i I

itt-11 11 M UIR .1041111
c

it

a '311

0-2
1-0 Period in sec.

Figure 6.12.2.5



1 0 0 0 1 1 1 1 1 1 1 1 fit tt;i 1 1 If I 1 14 4 t1lillit
. I C! i I fill --JA 4-j_-L I .................

0111 1

d+

1 -1 1 foul f, ;A,, TTFil,' T 7 V M S ...............
No .......... td 11 J wNjh I I H

7
i 1 1 ., I U ,

kill IN S 111 111 fit, 1 11
Iftiff"I'lf" IT"I I 1 111 HIN INN I Il 1 i I

100 ltil.ltiljllilltllij 'Il 1 :A4 I

fll!L 1171011 M - I Hl t U It!
...... ........ ...Wit U11H11,11 4.4-11111 1 I i ffil fi1i'If 11 1 Ili
S such HIM J-1 M U1. 1&111141 ffulfl iflIRRIN 114_41010 11: fiN 1 URI 11 11

11 -J. 131 111 1 H i 4 t Ii 1 !4 ii0i 111 I I !III ON 14_11TRR
!-i; ; fil-lilli I I I ! I If ; I I I if III 110 f A F in- IHI It I 1 4 1
N! I I!% N! 11.1111,110 00r it if I

ilu M Wit t 11 Ii i 'S 11IM1111MIDil
Ht

A

44 no I .

HIT
10 1 14: W14 fill

U) ffl: I !R!C1I41; Vii I I Hill?! I, i IN i .4 to 1 J A HIM t AM HE Mf

lubuzil !!! I a mv! Ill TUTTS TE I _01 loll 1 1
il; !A;Aii 1- 1PUPOICH 11 -Dim % 1- ta It.

IH 111 11 tll i! 1 $1 -M- T I _- ®R t P1 It 1 !1 1: 1 il I
If- iii :J!!" 1 111:1 i.011 iINL I! i I i!! i !I!!! -- -----

To A [3 111 111HIMI" I j,:1f -i"l, i L TOE 1 1 1 i! ; H
I

ri 41fliN111, i13 1 1,1 Lli wil "Up - 1111 111! IT 1 ,

I fl ji, 1

Ti O il1 -0
4J slow.! i'V01 i ,V 1 1 N't
.tq QWQIA. 4 l1ff!V t;i t ! I I ! i !

1-4 H Rd Ad h WiF!i 1 K: w n v L 110 0 HH K MEN 1 1 H HAIN MaN Mt Omni
il IV!

w, 1!1:4l1l. 1 1 11 1 i B flj , i it I

01 fli i Mil i; i!! i; i ii I if Ill: 1,:;, V ME Kill 1: of

11 ifill Pill ii!pf;7Iffl

U) 
VIP

1 T 11h W A H 4: AR T 1 11 f! fl-I Ill 1

J

w t if

I it n it .1 lilt fill i1j, AINA llit ill IIIIIl:4i;!j.,.A It; t I Ill I Q - 141111

U TFU t All fill It,
7 1 villoul If N I f

Mrlwr# III Ill Nd bull 1 j .......... .........
A 110M H MMM 1 1 Ill ik," uTlIT411M
__1 - - I fm '11113:11 i I fill IN il!;1113 111111 I

1-:M U-411111 4 111111T
- 111... 11111 Till Hill;11 ME .1 Ili! [IM44 i I I HI 11H Hit iiifltll

It a I ii02flaifillil Ill mmiii 11 111 !16 HN Hill Ilt 11;
j4i 4M r: Till lu 1111141 1i M Nlr, Ill 11! 1 H"I 11111111111 ..............

f Vill All fill, l1h il 111111dul IN 1., 111 HIM I M I

I if jjII. loom

0.01 ME
1.0 Period in sec. 1 0*0

Figure 6.12.2.6



1000

I m : [:!1 1 it HiAll';P11 i 4441111 liffIT
Y ff 11 44111 qlI

X Im1hi 41, Im SIM[ 11 i i i I H 4 111 i I H; A 4 i 1 11 1 v

if Aid V .; 111 at'
If: 1' !fill

;-,- P", F fill Mkil .111 ,

T I!ii i did44

oil

100 4 [I Ill I Ili! i'llillflIf 1 11 4 il ' I ill 1 11,, ;11 1IAIi!:W 1! 3 .. .W ill TIM If
M it HillIP11:11 -414111:i'l Uji fill VI 11 in 4i .11111114111il to U-j:- I r It amp't

1 1 U 41,111 AP 4t -4 M!:!l1iiii1fH1 H it ST7 4 W 111fliff 111:1
I lHi -+At41 [01111101 11 WJ 1111-Ij lit-ITIN'B 11111 1 fill OF 11:4 1 W om :11

f4 4f4 fli,
11 U 1W 1 At 1 N mom I m N R ill I UUM 1 H 111111. 1-p .. . T Ill

rd Fl: T- Rau T U IN
if l ""' . I I '?i. ifAij H R 011P 4 Tit!

If

rd
1::: 0 fit. m- _471:17 IM M 1111 J!,11 1,11,flIll it ;[ p, --j t141:4,f ti . I

pq 1 1!1 its R -11 MUM 11. 10 J
+1

44 j;

10-0 t ill 4 1 1
d U P- A Tit* Ili; Jt I if! 1 1 if

IRMN Wiii iii if!] it A I I m T mr- -17 7
I I+ -t UHUIT11. !lI411AI;I! I 41A!R f i i i Ilk ff WII N iiih,!4 E 1111MIS ml M - Rm 1 U if' 3

do 11i F.. TJ11 i k! J I flit I Oil 04 111! i 11111111,411 1 1 T Tflhij

lit'1111,41 Zt lot 1 1 OEM R Humm A SIR "At Viol v NINO 1; i

!!11 T -110 1f lot 1 S R fm I i 111 :11 iml mill, 10
124 Iv Il I i ! ill! if] 1 14111 Till H11 fliC li ilf

W v '24: 'LIM IS !j! I
j ! 0 ! ! if -1

fli 11 1

;,H

rd 1 .0.;. ; i ifil:lil 1:11 111UPAIM.1 I m lil;iii NlI:M ;;l IIIJUill! it 1 1 1 1111 1 V[ lit; ifi ! A ltil H I fill 6114tivil

1-1 1 if U :if I: ili:k! I t I N A 0 ill I if i,:l i;d III Ill fill HK II 11 N11 1 1 1 l'! Itif 111 lilTiv4-)

t , r, 11 11 fll tHI 1 t I fill I U I . Ul IE E 4KINi I I !Ill A N Wit T hi :7 111 11
4 EMMA a N NI I I 111! i!:: 11.1; 1 lill. 1111 ]1 MI f! III ik! Iti i 1. 1311W-1

1214

IT I.- I W ;

I i i -111i l lit! IF,! If! AS Psi Hilt I o 130

Ilk. 1 1 4 441 -Iilti R

iml 1HI rr T111 [:il l, 11 1111 A m I - to R WEE M I A U E 1
I tq!. 1! 1 j i !:ff it! .

i 11 lmiil it m i. i ii I I TIT 4111ii; -t.
fill Ill! 11i I ME Ill ill i;f 'I

jj L[ lit f M 110-1 01 1 vuf- Hm N I fvl t MMM W 61 THI fIIfI;fV!;Ifflj!1 IHI I illflij it: Ili I; ,It fill 10M
,11 fit! iw i;,:: I I IN III III !H 11 111 if it 41 I'll

4 ±lf! Ili if Ili Iii MIAW il -44-4 Iliad *4 41 lit 11 if

Vill 11 111.1-TIMHp.

-T-
L PRAIJU, HIT

-f t A14 in i lit!

t J4 A-Wif V1111 Ill Ill fit 1 if i It if If 11
A 4 M lit 101

.n il 1; fillH MIN

IN0.01 41. iff Eli -

1 .0 Period in sec. 10 *0

Figure 6.12.2.7



0
1.0 

0 24 0, _

4v76C a a
0 > 0. L) ,-

.5

1.0

.5 I
E L

E

.5

_ _Ch 3

A_ _ _ ____ _ Ch 40* -. ____ - c__

1.0

.5

0 ---- k Ch 5
,20 140 160 Igo 200 220 240 6o oo 300

Days of 1961

CALIFORNIA PROFILE
AVERAGE NOISE AMPLITUDES

AT .6 to .8 SECONDS PERIOD
for 200 second samples

Figure 6.12.4.1



E c

&0 3

0 ----. MS Ch 2

4.0-

5.0-

.0-

1.0-

____ SS Ch 2
E * - -.1__ _

4.0

E
It3.0 I

1.0 I
4.0-

3.0

*.0-

0 1 .... ~~. ~- - -- - _ Ch 4

4.0-

&.0

ISO m I"0 300 30 340 26~ s, vie
Days of 1961

CALPIFONIA PROFILE
AV3RAG3 3013 AIWLITUDES

AT 1.0 - 1.25 SICOD6 PEEZOD
gm 200 momn &=PLO*

Vlgur. *.12.4.2



III

15 --

3 0 0
E 0 0

3 00

10 0 . ~
0 a. a . _ h. 0

S-MS Ch 2
0 -1-__

10

10

5

*0 -

15 -

Ch

0 -1

0.

'5

Ch5
120 .4 .S IS . .. _.,-. , . _.C h B
120 140 1;0 1;0 o200 2o20 24o iso 26 30o

Days of 1961

CALIFORNIA PROFILE
AVERAGE NOISE AMPLITUDES

AT 1.5 - 2.0 SECONDS PERIOD
for 200 second samples

Figure 6.12.4.3



Ii

o S

OC C 0
o"

Iv v

1.0-

0- -~ ,~ ___ jj MS Ch 2

1.0-

.. -_SS 
Ch 2

E

.Ch 3o ---

.-

.5-

-i 
Ch 4

Days fr** Ch 5

40 0 0 0 030 40 60 40 70 oo 00 00O 0 30
Days of 1961 1962

PACIFIC NORTHWEST PROFILE
AVERAGE NOISE AMPLITUDES
AT .6 to .8 SECONDS PERIOD

for 200 second samples

Figure 6.12.4.4



C o . o

.0

1.0-

0MS Ch 2

0

3.0

1.0-

0 .-. ' iA j Mn S Ch 2

3.0

2.0

"L -Ak, VIA V SCh 2

0-

4O-

2.0

1.0 -IJ

.0 1 Ik IC h 5
340 350 10 20 30 40 50 60 70 60 90 100 110 M 130

Days of 1961 1962

PACIFIC NORTHWEST PROFILE
AVERAGE NOISE AMPLITUDES

AT 1.0 - 1.25 SECONDS PERIOD
for 200 second sam~ple&

Figure 6.12.4.5



iE o o 0
E

o. o . 0 I 0 h

I0

EE

10-

4-

SSCh 

E-

I0-- -

VI
06

E5-

ik Ch 3

0

_ _ _ _Ch 4

5Ch 5

340 350 10 20 30 40 50 60 70 80 90 100110 0 110
Days of 1961 1962

PACIFIC NORTHWEST PROFILE
AVERAGE NOISE AMPLITUDES
AT 1.5 - 2.0 SECONDS PERIOD

for 200 second samples

Figure 6.12.4.6



REFERENCES

A. SEISMIC SIGNAL AND NOISE ANALYSIS

Barber, N. (1962) Properties of Ground Noise, in Vesiac Advisory
Report 4410-32-X (See Reference 20a).

la Bath, M. (1962) Direction of Approach of Microseisms, Geophysical
Journal, Vol. 6, No. 4.

2a Benioff, H. and Gutenberg, B. (19516 An Investigation of Microseisms,
California Institute of Technology, Division of Geological Sciences,
Contribution No. 761, Final Report under Contract No. AF 19(122)436.

3a Bonnett, W. R. (1960) Electrical Noise, New York: McGraw-Hill.

4a Davenport, W. B., Jr. and Root, W. L. (1958) An Introduction to the
Theory of Random Signals and Noise, New York: McGraw-Hill.

Dean, W. (1962) Coherency, in Vesiac Advisory Report 4410-32-X
(See Reference 20a).

Dean, W. and Walker, R. (1962) Comments on Philosophy of Noise
Descriptions, in Vesiac Advisory Report 4410-32-X (See Reference 20 a).

Sa Dinger, J. E. (1952) Comments in Symposium on Microseisms, edited by
J. T. Wilson and Frank Press, National Research Council, Publication
No. 306.

Frantii, B. (1962) Short Period Seismic Noise, in Vesiac Advisory
Report 4410-32-X (See Reference 20 a).

6a Gutenberg, B. (1947) Microseisms and Weather Forecasting, Jour.
Meteorology, Vol. 4, No. 1, po 21-28.

Gutenberg, B. (1958) Microseisms, Advances in Geophysics, Vol. 5
p. 53-92.

Haskell, N. Manual of Earth Noise, in Vesiac Advisory Report 4410-32-X
(See Reference 20 a).

7a Lee, Y. W. (1960) Statistical Theory of Communication, New Yorkg
John Wiley and Sons, Inc.

Longuet-Higgins, M. (1962) Scme Simple Visual Properties of a Gaussian
Noise Record and their Relation to the Power Spectrum, in Vesiac
Advisory Report 4410-32-X (See Reference 20 a).

8a Mood, A. McF. (1960) Introduction to the Theory of Statistics, New
York: McGraw-Hill.

Oliver, J. (1962) Noise with Periods Greater than about Ten Seconds,
in Vesiac Advisory Report 4410-32-X (See Reference 20 a).



9a Peterson, R. (1956) Experimental Tests for Determining Optimum
Seismograph Procedures, United Geophysical Corporation.

10a Ramirez, J.E. (1952) Comments in Sympsoium on Microseisms, edited
by J.T. Wilson and Frank Press, National Research Council, Publication
No. 306, p. 10.

lla Richter, C.F. (1958) Elementary Seismology, San Francisco: W.H. Freeman
Company.

Rocard, Y. (1962) Various Characteristics and Some Possible Causes of
Seismic Ground Noise, in VESiac Advisory Report 4410-32-X (See
Reference 20a) .

12a Romney, C.F. (1961) Seasonal Variation of Microseisms, and its Effect
on Detections of Seismic Waves from Underground Explosions, VELA
Uniform Tech. Report VU 61-1, p. 1,4.

13a Runcorn, S.K. (1960) Methods and Techniques in Geophysics, New York:
Interscience Publishers, Inc.

14a Santo, Tetsuo (1962) Energy Sources of Microseisms in Sweden, Seis-
mological Institute, Upsala University, Scientific Report No. 10,
Contract No. DA-91-591-EUC-1637, Model 1, p. 25-28.

15a Seely, S. (1958) Electron Tube Circuits, New York: McGraw-Hill.

Shopland, R. and Stevens, E. (1962) Site Selection, in Vesiac Advisory
Report 4410-32-X (See Reference 20a).

Strickland, L. (1962) Noise Analysis and Array Design and Development
in Vesiac Advisory Report 4410-32-X (See Reference 20a).

16a Williams, E.J. (1959) Regression Analysis, New York: John Wiley and
Sons, Ltd., Ch. 2.

17a Willmore, P.L. (1959) The Application of the Maxwell Impedance Bridge
to Calibration of Electromagnetic Seismographs, Bull. Seis. Soc. Amer.,
Vol. 49, No. 1, p. 99.

18a Operational and Maintenance Manual, Johnson-Matheson Vertical Seis-
mometer Model 6480, p. 11.

19a Wichita Mountains Seismological Observatory Report on Phase III,
The Geotechnical Corporation, Technical Report No. 62-8, Contract
AF 33(600)-41318, May 1962, p. 22.

20a Vesiac Advisory Report 4410-32-X, Acoustics and Seismics Laboratory,
Institute of Science and Technology, University of Michigan, Contract
SD-78, October 1962.



B. GEOLOGY AND TOPOGRAP.f

lb Allen, J.E., Lowell, W.R., Smith, W. DuPre and Staples, L.W. (1941)
Geology and Physiography of the Wallowa Mountains, Oregon, Oregon
Dept. of Geology and Mineral Industries, Bulletin No. 12, p. 1-65.

2b Bear, T. L., Hoots, H.W. and Kleinpell, W.D. (1954) Geological
Summary of the San Joaquin Valley, California, California Department
National Resources, Division of Mines, Bulletin No. 170, Ch. 2,
p. 113.

3b Birch, F.S., Cecil, H. and Spicer, J.F. (1942) Handbook of Physical
Constants, Geol. Soc. Amer., Special Paper No. 36, Sec. 5 - Elastic-
ity, p. 73; Sec. 7 Seismic Velocities, p. 97; Sec. 2 - Density at
Room Temperature and Atmosphere, p. 17.

4b Bowie, W. (1924) Isostatic Investigation and Data for Gravity Stations
in the United States, Established since 1915, Department of Commerce,
U.S. Coast and Geodetic Survey, Special Publication No. 99.

5b Brown, W. R. (1958) Geology and Mineral Resources of the Lynchburg
Quandrangle, Virginia, Virginia Division of Mineral Resources,
Bulletin No. 74.

6b Butts, C. (1933) Geologic Map of the Appalachian Valley of Virginia
with Explanatory Text, Virginia Geological Survey, Bulletin No. 42.

7b Butts, C. (1940) Geology of the Appalachian Valley in Virginia,
Geological Society of America, Bulletin No. 52, Part I.

8b Butts, C. and Edmundson, R.S. (1939' Geology of Little North Mountain
in Northern Virginia, Virginia Geclogical Survey, Bulletin Nc. 51-'.

9b Carlson, S.A., O'Flynn, J.B. and Schwade, I.T. (1958t California,
American Association Petroleum Geologists Bulletin, Vol. 42, p.
135-144.

10b Carlson, S.A., O'Flynn, J.B. and Schwade, I.T. (1958) Geologic
Environment of Cuyama Valley Oil Fields, California, in Habitat of
Oil, publ. by American Association Petroleum Geologists, Tulsa,
Oklahoma, p. 78-98.

llb Culver, H.E. (1936) The Geology of Washington, Washington Div.sicn
of Geology, Bulletin No. 32, Part I.

12b Culver, H.E. (1926) Abstract of the Report on the Geology and
Reaoxrces of the Pasco and Prosser Quadrangles, State of Washington,

* Department of Conservation and Development, Reports of Investigations
No. 1.

13b Darton, N.H. (1892) Notes on the Stratigraphy of a Portion of
Central Appalachian, Virginia, American Geologist, Vol. 10, p. 10.



14b Duerksen, J.A. (1949) Pendulum Gravity Data in the United States,
U.S. Department of Commerce, Coast and Geodetic Survey, Special
Publication No. 244.

15b Eardley, A.J. (1951) Structural Geology of North America, New York-
Harper and Brothers.

16b Espenshade, G.H. and Potter, D.B. (1960) Kyanite, Sillmanite and
Andalusite Deposits of the Southern States, United States Geological
Survey, Professional Paper No. 336.

17b Ferenczi, I. (1959) Structural Control of, the North Carolina Coastal
Plain, Southeastern Geology, Vol. 1, No. 3, p. 105-115.

18b Hopper, R.H. (1947) Geologic Section from the Sierra Nevada to Death
Valley, California, Geol. Soc. Amer. Bull., Vol. 58, p. 393-432.

19b Ivanhoe, L.F. (1957) California Gravity Maximum due to Isostatic
Effect, Geophysics, Vol. 22, No. 1, p. 62-66.

20b Kane, M F. and Pakiser, L.C. (1961) Geophysical St-udy of Subsurface
Structure in Southern Owens Valley, California, Geophysics, Vol. 26,
No. 1, p. 12 .

21b King, P.B. (1959) The Evolution of North America, Princeton, N.J.:
Princeton University Press.

22b Mackin, J.H. (1961) A Stratigraphic Section in Yakima Basalt and
the Ellensburg Formation in South Central Washington, State of
Washington, Division of Mines and Geology.

23b Maxson, J.H. (1950) Physiographic Features of the Panamint Range,
California, Geol. Soc. America Bull., Vol. 61, No. 2, p. 99-114.

24b Meyer, D.P. and Steinhart, J.S. (1961) Explosion Studies of Conti-
nental Structure, Carnegie Institution of Washington, D.C., Publi-
cation No. 622, p. 62-66.

25b Noble, L.F. and Wright, L.A. (1954) Geology of the Central and
Southern Death Valley Region, California, California Dept. Natural
Resources, Div. Mines, Bulletin No. 170, Ch. 2, p. 143.

26b Simonson, R.R. (1958) Oil in the San Joaquin Valley, California, in
Habitat of Oil, published by the Amer. Assoc. Petroleum Geologists,
Tulsa, Okla., p. 99-112.

27b Sinnott, A. and Tibbitts, G.C., Jr. (1954) Summary of Ground-Water
Resources of the Eastern Shore Peninsula, Virginia, State of
Virginia, Mineral Resources Circular No. 2.

f



28b Sinnott, A. and Tibbitts, G. C., Jr. (1957) Summary of Ground-Water
Resources of the Eastern Shore Peninsula, Virginia, State of
Virginia, Mineral Resources Circular No. 6.

29b Snavely, P.D. (1958) Geology and Coal Resources of the Centralia
Chehalis District, United States Geological Survey, Bulletin No.
1053, p. 159.

30b Weaver, D.C. (1937) Tertiary Formations in Western Oregon and
Washington, Geological Soc. Amer. Proceedings for 1936, Vol.
p.317.

31b White, D. (1913) Shorter Contributions to General Geology, United
States Geological Survey, Professional Paper No. 85.

32b Williams, J.F. (1962) Washington Drilling Sheds Light on Sedimentary
Section, Oil and Gas Journal, Dec. 1962, Vol. , p. 202.

33b Woollard, G.P. (1943) Profile of Gravitational and Magnetic Traverse
in California and Nevada, Bull. Geol. Soc. Amer., Vol. 54, No. 6,
p. 747 - 790.

Woollard, G.P. et al. ( ) World Wide Gravity Measurements con-
ducted during the Period June 1949 - January 1952.

MAPS

34b Landform Maps of the United States.

35b Geologic Map of Virginia (1928) State Conservation and Development
Commission, Virginia Geological Survey.

36b Geologic Map of Washington (1961) State of Washington, Division of
Mines and Geology.

37b Geological Map of the United States (1960) United States Geological
Survey.

38b Geological Map of West Virginia (1932) West Virginia Geological
Survey.

39b Nicholas County (1921) West Virginia Geological Survey.

40b Nicholas County Maps (1920) West Virginia Geological Survey.

41b Structural Features of the Virgin Spring Area Death Valley, Calif-
ornia, (1941) Geol. Soc. Amer. Bull., Vol. 52, No. 7, p. 941-1000.

42b Tectonic Map of the United States (1961) United States Geological
Survey.



rI

Ic Romney, C. F. (1952) Symposium on Microseisms, Page 66

2c Dinger, J. E. (1952) Symposium on Microseisms, Page 87

3c De Noyer, J. Bulletin Seismological Society of America, Vol. 51,
#2; Apr. '61, page 227-235

* Bradford, J. (1962) Weather-Seismic Noise Correlation Study,
Progress Report #12, prepared for Geophysical Research Directorate,
United States Air Force (Contract AF 19(628)-230)



DISTRIBUTION

Copies of this report are being distributed through channels as
follows:

50 copies AFTAC/TD-1
Washington, D. C.
Attention: Capt. Walter Davis

Project Officer

1 copy Administrative Contracting Officer
LAAFCMD/RWHLAC Mr. George Ganz
1206 South Maple Avenue
Los Angeles 15, California

1 copy Contracting Officer
ASWKRR Mr. W. A. Daler
AMC, WPAFB


